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1. SUMMARY 
The research  procedure  involved  the  acquisition  of  large  amounts 
of  field  data  concerning  community  characteristics,  exposure  to 
aircraft  noise,  and  reactions  to  the  noise.  These  data  were  then 
analyzed  using  a  variety  of  techniques  to  establish  and  measure 
relationships  between  variables  representing  exposure,  mediating 
factors,  and  response. 
Social  data  were  obtained  by  personal  interviews  based  upon  ques- 
tionnaires.  In  the  seven  cities,  a  total  of 8207 interviews  were 
secured.  Most  of  the  respondents  in  each  city  were s lected.ran- 
domly  from  sample  areas  under  flight  paths  and  extending  to 10 or 
12 miles  from  the  center  of  the  airport.  However,  some  respondents 
were  selected  from  lists  of  noise  complainants  or  from  the  member- 
ship  of  an  anti-noise  organization.  The  noise  exposure  for  each 
respondent  was  determined  from  acoustical  measurements  and  air 
traffic  data. A total  of  over 10,000 flyover  noise  signatures 
were  recorded  and  analyzed. 
In the  analysis  of  results,  the  understanding of annoyance  and 
complaint  and  their  relationship  to  the  noise  produced  by  air 
traffic  has  been  significantly  enhanced.  For  the  first  time,  the 
many  existing  formulations  of  noise  parameters  have  been  compared 
using  comprehensive  physical  and  social  data  collected  in  airport 
communities. Two ways  of  evaluating  annoyance  in  exposed comuni- 
ties  with  good  accuracy  have  been  developed,  and  the  differences 
in  annoyance  observed  between  individuals  with  the  same  noise 
exposure  have  been  explained.  The  major  results  of  this  study, 
presented  in  greater  detail  in  Chapter 10, are  listed  below. 
References  to  pertinent  sections  of  the  report  are  given  in 
parentheses. 
1. Simple  weighted  sound  pressure  level  values  (dBA  and  dBN) 
provide  adequate  approximations to more  complex  measures  for  the 
purpose  of  determining  community  noise  exposure. (5.1) 
2. As  measures  of  aircraft  noise  exposure  in  communities, 
the  Composite  Noise  Rating  (CNR) , Noise  and  Number  Index  (NNI' , 
as  defined  in  this  report),  and  Noise  Exposure  Forecast  (NEF)  are 
practically  interchangeable,  although  CNR  is  slightly  superior 
for  predicting  annoyance. (5.3.5, 6.2) 
3 .  Installations  for  community  monitoring  of  aircraft  noise 
exposure  can  utilize  weighted  sound  pressure  level  measurement 
and  should  be  designed  to  obtain  adequate  samples  of  both  flyover 
noise  and  ambient  noise. (5.1) 
4 .  Estimation  of  annoyance  using  noise  exposure  as  the  sole 
predictor  is  rather  poor. (5.4) 
5. The  inclusion  with  noise  exposure of certain  attitudinal 
or  psychological  variables  affords  good  prediction of individual 
annoyance.  Prediction  is  improved  by  use  of  a  nonlinear  model. 
(6 -2 )  
6. An  equation  can  be  written  for  predicting  individual 
annoyance  with  good  accuracy. (6.3) 
7.  For  a  significant  reduction  in  annoyance,  a  CNR  value  of 
9 3  or  less  is  required.  Above 107 C N R ,  annoyance  increases  stead- 
ily  and  above 115 CNR,  noise  exposure  is  associated  with  increased 
complaint. (6.3, 8.2) 
8. Within  certain  limits,  the  number  of  highly  annoyed 
households  in  a  cornunity  may  be  estimated  from  the  number  of 
complainants. (7) 
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9. Since  adjusting  for  the  noise  attenuation  of  the  house 
lowers  the  correlation  between  exposure  and  annoyance,  people 
appear  to  react  to  the  noise  as  perceived  outdoors  rather  than 
indoors. ( 5 . 5 )  
10. An  equation  for  predicting  complaint  among  a  random 
sample,  similar  to  the  predictive  equation  for  annoyance,  can be
written,  but  its  accuracy  is  not  good. ( 8 . 3 )  
11. There  is  a  substantial  difference  between  predictors  of 
annoyance  and  predictors  of  complaint:  predictors  of  annoyance 
are  primarily  physical/attitudinal;  predictors  of  complaint  are 
primarily physical/sociological. ( 6 ,  8 )  
12. Complainants  are  not  more  sensitive  to  noise  than  random 
respondents.  The  complainants  are  less  annoyed  with  typically 
irritating  noises.  They  are  also  less  annoyed  with  usual  sources 
of neighborhood  noise  except f o r  two  items--aircraft  and  sonic 
booms. ( 4 . 2 )  
13.  On the  average,  complainants,  in  comparison  to  members  of 
the  random  samples,  tend  to  live  nearer  the  airport,  have  higher 
noise  exposure,  and to be  older,  more  highly  educated,  and  more 
affluent.  They  also  display  a  higher  awareness of, and  negative 
attitude  about,  aircraft  operations.  On  the  basis  of  a  very 
limited  sample,  members  of  noise  protest  organizations  tend to be
similar  to  complainants  in  such  characteristics. ( 4 )  
14. The  seven  survey  cities  (Boston,  Chicago,  Dallas,  Denver, 
Los Angeles,  Miami,  and  New  York)  show  consistant  patterns  for 
mean  noise  exposure (CNR), negative  attitudes  concerning  aircraft 
operations,  high  annoyance,  and  percentage  of  complainants.  New 
York,  Boston,  and Los Angeles  generally  rate  high  on  these  varia- 
bles;  and  Dallas,  Miami,  and  Denver,  low. (4.1) 
3 
15. A l l e v i a t i o n  of aircraft  noise  annoyance  by  ' 'house a t -  
tenuat ion ' '  p rograms and  land  zoning  cont ro ls  does  not  appear  to  
b e   f e a s i b l e   e x c e p t   p o s s i b l y  in s p e c i a l   c a s e s .  (5.5) 
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2 .  INTRODUCTION 
T h i s  r e p o r t  i s  the f i n a l  r e p o r t  o n  a three-year  s tudy performed 
under   Contract  NASW-1549. The t o t a l   a c t i v e   p e r i o d   o f   p e r f o r m a n c e  
was February 21,  1967 to March 27,  1970. Prev ious   pub l i ca t ions  
r e g a r d i n g  c e r t a i n  a s p e c t s  o f  t h i s  work comprise References 1 and 2 .  
A i r c r a f t  n o i s e  h a s  become i n c r e a s i n g l y  p r e v a l e n t  i n  U. S.  communi- 
t i es  i n  t h e  l as t  t e n  t o  f i f t e e n  y e a r s  as a r e s u l t  o f  a d v a n c e s  i n  
av ia t ion   technology  and   increased  a i r  t r ave l .   Fo r   t he   s even  
c i t i e s  s t u d i e d ,  commercial opera t ions  have  been  increas ing  
annua l ly  by n e a r l y  40,000 s i n c e  1963. Concomitant   with  the 
i n c r e a s e  i n  a i r p o r t  n o i s e  h a s  b e e n  a publ ic  awareness  of ,  and 
i r r i t a t i o n  w i t h ,  t h i s  phenomenon,  sometimes  culminating i n  com- 
p l a i n t  o r  more   v igo rous   oppos i t i on   t o   a i rpo r t   ope ra t ions .  As a 
r e s u l t ,  e f f o r t s  are being made t h r o u g h  n o i s e  m o n i t o r i n g ,  a i r c r a f t  
c e r t i f i c a t i o n ,  e n g i n e  n o i s e  r e d u c t i o n ,  m o d i f i e d  f l i g h t  p r o f i l e s ,  
and a i rpo r t  cu r fews  to  r educe  the  no i se  impac t  upon communities. 
The  cumula t ive  e f fec t  o f  these  var ious  approaches  has  y e t  t o  be 
ascer ta ined ,   however ,  
It i s  a p p a r e n t  t h a t  t h e  p r o b l e m  o f  a i r p o r t  n o i s e  i s  n o t  l i k e l y  t o  
abate f o r  t h e  n e x t  s e v e r a l  y e a r s  a n d  t h a t  t h e  new publ ic  concern 
fo r  "env i ronmen ta l  qua l i t y , "  impor t an t  a spec t s  o f  wh ich  inc lude  
n o i s e ,  w i l l  demand an organized program of  noise  control  based 
upon a f u l l e r  u n d e r s t a n d i n g  of t h e  e f f e c t s  o f  n o i s e  i n  a i r p o r t  
communi t ies  than  has  here tofore  ex is ted .  
P rev ious  s tud ie s  o f  community r e a c t i o n s  t o  a i r c r a f t  n o i s e ,  pe r -  
formed by t h e  U. S. A i r  Fo rce  in  th ree  r eg ions  o f  t he  Un i t ed  S ta t e s  
i n  1956-7 and by the  Wilson Committee i n  London i n  1 9 6 1 , ~ ' ~  empha- 
s i z e d  t h e  d e s c r i p t i o n  of d i s tu rbance  and  compla in t  i n  areas noted 
3 
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f o r  h i g h  volume  of a i rcraf t  a c t i v i t y .  These s tudies   have   p roduced  
an  unde r s t and ing  of t h e  e l e m e n t s  o f  p u b l i c  r e a c t i o n  i n  a d e s c r i p -  
t i ve  s e n s e .   I n   a d d i t i o n ,   c e r t a i n   s o c i o p s y c h o l o g i c a l   v a r i a b l e s   h a v e  
been found which can be u s e d  t o  c h a r a c t e r i z e  s u b g r o u p s  o f  t h e  popu- 
l a t i o n  i n  terms o f  d e g r e e s  of annoyance experienced.  
The b u r d e n  o f  t h e  s t u d y  r e p o r t e d  h e r e i n  i s  to  ex tend  knowledge  in  
t h e  area of community r e a c t i o n  t o  a i r p o r t  n o i s e  i n  t h e  d i r e c t i o n  
i n d i c a t e d  i n  a repor t  by  Bol t  Beranek  and  Newman, I n c  .6 which 
s ta tes :  "Development of procedures  fo r  a c c u r a t e l y   p r e d i c t i n g  
d e g r e e s  o f  c o m m u n i t y  r e s p o n s e  i n  p a r t i c u l a r  a i r p o r t  community s i t u -  
a t i o n s  is  n o t   f e a s i b l e  a t  t h i s  time b e c a u s e   o f :   ( a )  unknowns i n  
d e f i n i n g  a n d  e v a l u a t i n g  t h e  i n f l u e n c e  o f  the m u l t i t u d e  of  soc io -  
l o g i c a l  a n d  e c o n o m i c  f a c t o r s ,  a n d  t h e  i m p e r f e c t  u n d e r s t a n d i n g  o f  
t he   dec i s ion -mak ing   p rocesses   i n   communi t i e s ,   ( b )   l ack   o f   deve lop -  
ment o f  a n  e x p l i c i t  scale f o r  r a t i n g  o v e r t  'community  response'   and 
( c )  u n c e r t a i n t i e s  i n  r e s p o n s e  i n t r o d u c e d  b y  v a r i a b i l i t y  i n  n o i s e  
s t i m u l i  a n d  i n  i n d i v i d u a l  r e a c t i o n s  t o  t h e  n o i s e  s t i m u l i . "  
C l e a r l y  it i s  necessa ry  to  go  beyond  a d e s c r i p t i o n  o f  a i r c r a f t  
n o i s e  i n  p h y s i c a l  o r  p s y c h o p h y s i c a l  terms a n d  i n v e s t i g a t e  t h e  s i g -  
n i f i c a n c e  o f  s o c i a l  a n d  p s y c h o l o g i c a l  f a c t o r s  i n  t h e  s h a p i n g  o f  
i n d i v i d u a l   a n d  community r e sponse .  The p r e s e n t   r e p o r t   d e m o n s t r a t e s  
a n d  m e a s u r e s  t h e  e f f e c t s  o f  s u c h  f a c t o r s  so t h a t  community r e a c t i o n  
can  be  predic ted  wi th in  nar rower  limits t h a n  h e r e t o f o r e  a n d  t h e  
e f f e c t i v e n e s s  of n o i s e  c o n t r o l  m e a s u r e s  s y s t e m a t i c a l l y  e v a l u a t e d .  
Chapter  3 o f  t h i s  r e p o r t  d e s c r i b e s  t h e  g e n e r a l  f r a m e w o r k  o f  t h e  
research   and   the   t echniques   employed .   Chapters  4 ,  5 ,  6 and 7 pre-  
s e n t  a n d  d i s c u s s  d a t a  a n a l y s i s  r e s u l t s .  A l l  b a s i c  d a t a  are  
con ta ined  in  the  Append ices .  
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3 .  RESEARCH  FRAMEWORK 
3 . 1  THE PROBLEM 
The u l t i m a t e  g o a l  o f  t h i s  s t u d y  i s  t o  provide  a b a s i s  f o r  p o l i c y  
d e c i s i o n s  i n  d e a l i n g  w i t h  pract ical  aspects of the a i r p o r t  n o i s e  
problem.  While  such a s c i e n t i f i c  b a s i s  n e c e s s a r i l y  s h o u l d  i n c l u d e  
a gene ra l  unde r s t and ing  o f  t he  p rob lem,  it must a l s o  o f f e r  a n s w e r s  
t o  t h e  s p e c i f i c  q u e s t i o n s  o f  how b e s t  t o  e v a l u a t e  n o i s e  e x p o s u r e ,  
estimate a n d  p r e d i c t  t h e  impact  o f  a i r p o r t  o p e r a t i o n  upon communi- 
t i e s ,  a n d  e s t a b l i s h  t h e  v a l u e  o f  d i f f e r e n t  p r o c e d u r e s  d e s i g n e d  t o  
al leviate a i r c r a f t  n o i s e  p r o b l e m s .  
The b a s i c  r e s e a r c h  a p p r o a c h  i s  a c o n s i s t e n t  e x t e n s i o n  of t h a t  
employed i n  e a r l i e r  s t u d i e s  o f  t h e  same t y p e .  It i n v o l v e s   t h e  
acqu i s i t i on  o f  l a rge  amoun t s  of f i e l d  d a t a  c o n c e r n i n g  community 
c h a r a c t e r i s t i c s ,  e x p o s u r e  t o  a i r p o r t  n o i s e ,  a n d  r e s p o n s e s  i n  areas 
a r o u n d  l a r g e  a i r p o r t s ;  these d a t a  are then analyzed using advanced 
compute r  t echn iques  to  e s t ab l i sh  and  de f ine  r e l a t ionsh ips  be tween  
p h y s i c a l ,  p s y c h o l o g i c a l ,  a n d  s o c i a l  v a r i a b l e s .  
3 . 2  PREVIOUS  RESEARCH 
In  p l ann ing  the  s tudy  gu idance  was d e r i v e d  f r o m  t h e  r e s u l t s  of  
p r e v i o u s   s t u d i e s   c o n d u c t e d   i n   t h e  U.S.A. and Great B r i t a i n .  A s u r -  
vey of the  communi t ies  a round three  A i r  F o r c e  b a s e s  i n  t h e  U.S.A. 
was conducted  by  the NORC i n  1955-1957. A t o t a l   o f   o v e r  2,300 i n -  
t e rv i ews  were o b t a i n e d  i n  t h i s  s t u d y ,  t h e  r e s u l t s  o f  w h i c h ,  t h o u g h  
somewhat q u a l i t a t i v e ,  s e r v e d  t o  i s o l a t e  m a j o r  a c o u s t i c a l  a n d  s o c i o -  
l o g i c a l  v a r i a b l e s .  The B r i t i s h  s u r v e y  w a s  conducted  in   1961  by  the 
Government Soc ia l  Su rvey  fo r  t he  Wi l son  Committee  on the Problems 
of  Noise .475  A t o t a l  o f  1 7 3 1  a d u l t s  r e s i d e n t  w i t h i n  10 miles o f  
Heathrow  (London)  Airport,  chosen a t  random  from e l e c t o r a l  r e g i s t e r s ,  
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were in te rv iewed.   (Also  178 persons  who h a d   t e l e p h o n e d   o r   w r i t t e n  
t o  t h e  M i n i s t r y  o f  A v i a t i o n  t o  c o m p l a i n  a b o u t  a i r c r a f t  n o i s e  were 
in t e rv i ewed .  ) 
The above  Br i t i sh  and  Amer ican  s tud ie s  sha red  the  same fundamental  
research  var iab les -exposure  and  annoyance- in  a s imple  s t imu lus -  
response  model.  The annoyance variables u s e d   i n   b o t h   s t u d i e s  (com- 
p a r e d  i n  d e t a i l  i n  C h a p t e r  5) were based upon r e p o r t e d  a c t i v i t i e s  
d i s t u r b e d  a n d  d e g r e e  o f  d i s t u r b a n c e  b y  a i r c r a f t  n o i s e ,  s c a l e d  by 
t h e  method o f  summated r a t i n g s .  T h e  t y p e s  o f  a c t i v i t i e s  r e p o r t e d  
t o  b e  d i s t u r b e d  by a i r c r a f t  n o i s e  were t h e  same i n  b o t h  n a t i o n s .  
There was somewhat less ag reemen t  on  the  psycho log ica l  o r  soc ia l  
f ac to r s  t ha t  de t e rmined  the  deg ree  o f  expres sed  annoyance ,  i nc lud -  
i n g  s u s c e p t i b i l i t y  t o  n o i s e  i n  g e n e r a l ,  s a t i s f a c t i o n  w i t h  t h e  
neighborhood, perception of annoyance on t h e  p a r t  of ne ighbors ,  
a n d  a t t i t u d e  t o w a r d  a i r p o r t  a c t i v i t y .  I n  f o c u s i n g  t h e  r e s e a r c h  
upon the  r e l a t ionsh ip  be tween  no i se  exposure  and  annoyance ,  t hese  
s t u d i e s  d i d  n o t  e x p l a i n  s y s t e m a t i c a l l y  how t h e  o t h e r  v a r i a b l e s  i n -  
teract  with,   and  modify,   exposure  and community r e sponse .   Indeed ,  
t h i s  p r e c l u d e d  a n  a c c u r a t e  d e s c r i p t i o n  o f  t h e  e x p o s u r e - a n n o y a n c e  
r e l a t i o n s h i p .  
I n  p a r t ,  t h e  p r e s e n t  s t u d y  i terates the  above approach using simi- 
lar va r i ab le s   and ,   no t   unexpec ted ly ,   p roduces  similar resu l t s .  The 
annoyance-centered  ana lys i s ,  found in  Chapters  5 and 6 ,  proceeds 
fu r the r ,  however ,  and  deve lops  a predic t ive  model  which  inc ludes  
t h e  e f f e c t s  of v a r i a b l e s  o t h e r  t h a n  n o i s e  e x p o s u r e .  
3 . 3  THE SOCIAL SURVEY 
3 . 3 . 1   Q u e s t i o n n a i r e s  
The i n t e r v i e w  q u e s t i o n n a i r e s  u s e d  i n  P h a s e  I (Form A) and Phase I1 
(Form D) are g i v e n  i n  the Appendices (Volume I1 o f  t h i s  r e p o r t ) .  
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The q u e s t i o n s  of primary import are t h o s e  p e r t a i n i n g  t o  g e n e r a l  
a t t i t u d e s  a n d  b e l i e f s ,  p s y c h o l o g i c a l  p r e d i s p o s i t i o n s ,  d i s t u r b a n c e  
by noise ,  and  behaviora l  response .  These  were combined  with 
1 1  dummy" q u e s t i o n s  o f  less s i g n i f i c a n c e ,  a n d  t h e  w h o l e  r e p r e s e n t e d  
as a publ ic  opinion survey deal ing with neighborhood problems in  
genera l .   Both   p res t ruc tured   and   open-ended   ques t ions  were used ,  
a n d  q u e s t i o n s  s p e c i f i c a l l y  c o n c e r n i n g  aircraft n o i s e  were n o t  i n -  
t r o d u c e d  u n t i l  later i n  t h e  s c h e d u l e ,  so  t h a t  t h e  e a r l y  s t a g e  o f  
t h e  i n t e r v i e w  c a n  be c o n s i d e r e d  " b l i n d "  w i t h  r e s p e c t  t o  s u b j e c t  
matter. Q u a n t i t a t i v e   a n s w e r s  were e n t a i l e d  by some ques t ions ,   such  
as those  dea l ing  wi th  "degree  of  d i s turbance ."  Nonverba l  responses  
t o  s u c h  q u e s t i o n s  were e l i c i t e d  by means of an "opinion thermome- 
ter"  with an unnumbered but segmented scale on which the  respondent  
was a s k e d  t o  i n d i c a t e  h i s  p o s i t i o n  b e t w e e n  t h e  s t a t e d  extremes, 
Pretests i n  Houston and Dallas were conducted in  February,  March,  
and A p r i l ,  1967, as a n  a i d  i n  d e v e l o p i n g  a n d  r e f i n i n g  t h e  i n t e r v i e w  
format  used in  Phase I .  A t o t a l  of 1 4 0  p r e t e s t  i n t e r v i e w s  were ad- 
minis te red .   L imi ted  pretests of   the   Phase  I1 form were conducted 
in  Aus t in  in  March ,  1969 ,  ma in ly  fo r  pu rposes  o f  f ami l i a r i za t ion ,  
as t h e  Form D q u e s t i o n n a i r e  i s  q u i t e  similar t o  the Form A i n  con- 
t e n t  a n d  r e q u i r e d  i n t e r v i e w  t e c h n i q u e .  
3 . 3 . 2  I n t e r v i e w i n g  
Temporary f i e l d  o f f i c e s  were e s t a b l i s h e d  i n  t h e  s u r v e y  c i t i e s  f o r  
c o n d u c t i n g  t h e  r e q u i r e d  i n t e r v i e w s .  T h e s e  o f f i c e s  were s t a f f e d  by 
permanent TRACOR pe r sonne l  who h i r e d  a n d  t r a i n e d  l o c a l  i n t e r v i e w e r s  
f o r  t h e  task. I n t e r v i e w e r s  were p a i d   f o r   t r a i n i n g   s e s s i o n s   a n d   f o r  
each  va l ida t ed  in t e rv i ew conduc ted .  The m a j o r i t y  were c o l l e g e  
s t u d e n t s  o f  s e n i o r  o r  g r a d u a t e  s t a n d i n g .  I n t e r v i e w e r s  were nor- 
mal ly  given specif ic  b lock  ass ignments ,  in  accordance  wi th  the  
s a m p l i n g  p l a n  d e s c r i b e d  i n  t h e  f o l l o w i n g  s e c t i o n ,  w i t h  i n s t r u c t i o n s  
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t o  i n t e r v i e w  i n  e v e r y  f o u r t h  h o u s e h o l d ,  w i t h  a l t e r n a t i v e  p r o c e d u r e s  
t o  b e  u s e d  i f  n e c e s s a r y  t o  a c h i e v e  t h e  r e q u i r e d  q u o t a .  
I n  d e t e r m i n i n g  t h e  l e g i t i m a c y  o f  t h e  i n t e r v i e w s ,  a minimum of  50 
pe rcen t  o f  a l l  work was checked  by  f i e ld  o f f i ce  pe r sonne l .  These  
c h e c k s  c o n s i s t e d  p r i m a r i l y  o f  t h e  r e - i n t e r v i e w i n g  o f  r e s p o n d e n t s  b y  
t e l e p h o n e  o r  i n  p e r s o n  o n  k e y  s e c t i o n s  o f  t h e  i n t e r v i e w  s c h e d u l e .  
Responses were then  compared  to  the  o r ig ina l  r e sponses  r eco rded  by 
t h e  i n t e r v i e w e r .  I n  cases o f  d o u b t ,  a l l  work r e t u r n e d  by t h e  i n -  
terviewer involved was w i t h h e l d  f o r  f u r t h e r  c h e c k i n g  a n d  was no t  
i n c l u d e d  i n  t h e  d a t a  u n t i l  i t s  v a l i d i t y  was proven t o  t h e  satis-  
f a c t i o n  o f  .-he f i e l d  s u p e r v i s o r .  
Although no insurmountable problems were e n c o u n t e r e d  i n  o b t a i n i n g  
i n t e r v i e w s ,  some d i f f i c u l t i e s  o c c u r r e d  i n  l a r g e  a p a r t m e n t  c o m p l e x e s ,  
i n  areas of c i v i l  unres t - such  as t h e  Watts community i n  Los Angeles,  
a n d   i n   n e i g h b o r h o o d s   o f   s t r o n g   e t h n i c   c o n c e n t r a t i o n .  These d i f f i -  
c u l t i e s  were d e a l t  w i t h  b y  t h e  f i e l d  o f f i c e s  b y  s u c h  steps as t h e  
u s e  of let ters o f  i n t r o d u c t i o n ,  p r o v i d i n g  e s c o r t s  f o r  i n t e r v i e w e r s ,  
a n d  a s s i g n i n g  i n t e r v i e w e r s  o f  a p p r o p r i a t e  r a c i a l  background. 
The r e f u s a l  ra te  in  Phase  I1 c i t i e s  was approximately 30 percen t  
f o r  t h e  random sample.  Among compla inan t s   and   t he   o rgan iza t iona l ly  
invo lved ,   however ,   t he   i nc idence   o f   r e fusa l s  was much lower.  For 
example,  of the members con tac t ed  o f  t he  Al l apa t t ah  Ne ighborhood  
Organizat ion  of  Miami, on ly  14  pe rcen t   dec l ined   an   i n t e rv i ew.   Th i s  
d i f f e r e n c e  may b e  a t t r i b u t a b l e  t o  a f e a r  of invas ion  of  pr ivacy  
among t h e  g e n e r a l  p u b l i c  on one hand, and on t h e  o t h e r  a w i l l i n g -  
ness  among the  compla inan t  and  o rgan iza t iona l  s amples  to  become 
involved and communicative concerning community problems. 
3 . 3 . 3  Sampling  Plan 
The in t en t  o f  t he  sampl ing  p rocedure  w a s  t o  draw a r e p r e s e n t a t i v e  
sample o f  t he  no i se -exposed  popu la t ion  l i v ing  wi th in  1 2  miles of 
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t h e   a i r p o r t   i n   e a c h   o f   s e v e n  c i t ies  surveyed.   The  general  area 
within which smaller i n t e r v i e w  t racts  were des igna ted  w a s  d e f i n e d  
by  impos ing  the  pa t te rns  shown i n  F i g u r e s  3 . 1  and 3 .2  upon the  ends  
o f   p r i n c i p a l   r u n w a y s   o f   t h e   s u b j e c t   a i r p o r t .  The p a t t e r n  f o r  
Phase I w a s  empir ica l ly  de te rmined  us ing  equal -PNL contours  to  ob-  
t a i n  a wide range of a i r c r a f t  n o i s e  e x p o s u r e . '  This p a t t e r n  w a s  
modi f ied  for  Phase  I1 t o  i n c r e a s e  t h e  s a m p l i n g  o f  t h o s e  e x p o s e d  t o  
h i g h e r  l e v e l s  o f  a i r c r a f t  n o i s e .  
Wi th in  the  gene ra l  sample areas t h u s  d e f i n e d ,  s p e c i f i c  c e n s u s  
t r a c t s  o r  b l o c k  g r o u p s  were s e l e c t e d  f o r  i n t e r v i e w i n g  o n  t h e  b a s i s  
of s o c i a l  v a r i a b l e s .  On t h e  b a s i s  o f  1960 c e n s u s  d a t a ,  a l l  t r ac t s  
w i t h i n  e a c h  o f  f o u r  s u b d i v i s i o n s  o f  t h e  sample  areas were rank-  
o r d e r e d  a c c o r d i n g  t o  a scale of socioeconomic level a n d  t h e  f i n a l  
s e l e c t i o n  made so as t o   e n s u r e   h e t e r o g e n e i t y .   I n   p a r t i c u l a r ,   t h e  
highest  and lowest  ranked tracts of  each  subdiv is ion  were included 
i n  t h e  s a m p l e .  The t o t a l  number of  t racts  i n  e a c h  c i t y  i s  given i n  
Table 3 .1 .  
Table  3 . 1  - Census Tracts Sampled,  by  City 
Phase I Phase I1 
~~ 
C i t y  No. Tracts C i t y  No. Tracts 
Chicago 20 
Da 1 las 11 
Denver 13 
Boston 6 1  
M i a m i  52 
New York 169 
Los Angeles 16 I 
I n  each  t rac t  o r  set of b locks  thus  de te rmined  in te rv iewers  were 
g i v e n   s p e c i f i c   a s s i g n m e n t s .   I n t e r v i e w s  were conducted on a 
random time bas is ,   inc luding   evenings   and   weekends .   In te rv iewers  
were i n s t r u c t e d  t o  i n t e r v i e w  t h e  male head of household,  
1 1  
‘ I  
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when a t  home; o t h e r w i s e  t o  i n t e r v i e w  h i s  s p o u s e .  About o n e - t h i r d  
of t he  sample  ach ieved  by  th i s  -p rocedure  y i e lded  in t e rv i ews  wi th  
male heads  of households .  
The t o t a l  numbers of i n t e r v i e w s  o b t a i n e d  i n  e a c h  p h a s e  a n d  c i t y  
are g iven  in  Tab les  3 .2  and  3 .3 .  
Table  3 .2  - Achieved  Sample,  Phase I 
C i t y  
Boston 
Miami I 
Miami I1 
New York 
T o t a l  
Table  3.3 - Achieved  Sample,  Phase I1 
-~ - 
Survey 
Organi-  Pe r iod  
Number of I n t e r v i e w s  
i n  1969 Random Compla inan t   za iona l   To ta l  I -  
6 Jul-5 Sep 
1668 1070  598 - 13 May- 12 Sep
224 44 41 139 7 Sep-15 Nov 
9 37 937 - - 17 Mar-21 Jun 
1166 1166 - - 
17 Mar- 15 Nov 639 139 3995 
- - .- 
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3 .4  THE NOISE SURVEY 
3 .4 .1   Requi rements   for   Acous t ica l  Data 
I n  t h e  past  decade ,  the  measurement  of  no ise  produced  by  a i rc raf t  
h a s  a t t a i n e d  a h i g h  d e g r e e  o f  t e c h n i c a l  s o p h i s t i c a t i o n  as a r e s u l t  
o f  (a )  psychoacous t ica l  research  and  (b)  the advent  of  au tomat ic  
d a t a  a n a l y s i s  s y s t e m s .  A t  t h e  same time a number o f  d i f f e r i n g  
t e c h n i q u e s  f o r  m e a s u r i n g  a i r c r a f t  n o i s e  h a v e  b e e n  employed and no 
comprehens ive  e f for t  has  been  made t o  compare these as they  re la te  
t o  community r e s p o n s e .   T h e r e f o r e   t h e   a c o u s t i c a l   s u r v e y   t e c h n i q u e s  
f o r  t h i s  s t u d y  were d e v i s e d  t o  p e r m i t  the  computa t ion  of  a l l  rec- 
ognized  psychophysical  and community no i se   measu res .   Th i s   r equ i r ed  
the  cons t ruc t ion  o f  an  ana lys i s  sys t em similar t o  t h o s e  now  com- 
m e r c i a l l y  a v a i l a b l e  f o r  a i r c r a f t  n o i s e  c e r t i f i c a t i o n  w o r k .  The 
d a t a  a c q u i s i t i o n  a n d  a n a l y s i s  s y s t e m s  a n d  t h e  p r o c e d u r e s  u s e d  f o r  
de te rmining  community exposure are d e s c r i b e d  i n  d e t a i l  i n  a p r e -  
v i o u s  r e p o r t .  1 
3 . 4 . 2  Noise  Measurements 
No i se  da t a  were ga the red  by m o b i l e  f a c i l i t i e s  o p e r a t i n g  i n  t h e  
v a r i o u s  s u r v e y  c i t i e s  a t  approx ima te ly  the  same time t h e  s o c i a l  
survey w a s  being  conducted.  However, care was t aken   no t   t o   p recede  
i n t e r v i e w e r s  i n  s u r v e y  areas. Within a per iod   of  two t o  f o u r  weeks 
i n  e a c h  c i t y ,  t h e  m o b i l e  u n i t s  were ope ra t ed  on a 24-hour-per-day 
s c h e d u l e  a n d  a i r c r a f t  n o i s e  r e c o r d i n g s  t a k e n  i n  as many o f  t h e  s u r -  
vey t r ac t s  as poss ib l e ,  unde r  known modes o f  o p e r a t i o n  o f  t h e  
a i rpo r t .   These   measu remen t s ,   t oge the r   w i th   w ind   and   a i rpo r t   t r a f f i c  
d a t a ,  p e r m i t t e d  e x t r a p o l a t i o n  o v e r  a per iod of  a t  least  f o u r  months 
when e s t a b l i s h i n g   t h e   e x p o s u r e   i n   a n y   g i v e n  area. Again,   the   pro-  
cedure  fo r  t h i s  has  been  desc r ibed  p rev ious ly . ’  A t o t a l  o f  o v e r  
10,000 f l y o v e r  n o i s e  s i g n a t u r e s  were recorded and analyzed.  Com- 
p a r i s o n s  o f  b o t h  b a s i c  n o i s e  parameters and noise  exposure measures  
based on t h e s e  d a t a  are g iven  in  Chap te r  5 .  
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3 . 4 . 3  Bui ld ing   A t t enua t ion  
I n  o r d e r  t o  p e r m i t  i n v e s t i g a t i o n  o f  p o s s i b l e  e f f e c t s  o f  n o i s e  
a t t e n u a t i o n  o f  b u i l d i n g s  upon a i rcraf t  noise  exposure  and  hence ,  
p o s s i b l y ,  upon human re sponse ,  an  a lgo r i thm was d e v i s e d  f o r  
e s t ima t ing   va lues   o f   a t t enua t ion   f rom  da t a   acqu i r ed  by t h e   i n t e r -  . 
viewers .  A s u i t a b l e   g r o u p   o f   q u e s t i o n s   c o n c e r n i n g   t h e   s t r u c t u r e  
o f  t h e  b u i l d i n g ,  t y p e s  a n d  s i z e s  o f  w i n d o w s ,  e t c . ,  was provided 
i n   t h e   q u e s t i o n n a i r e s   f o r   t h i s   p u r p o s e .  The  computation  procedure 
i s  g i v e n  i n  S e c t i o n  C - I 1 1  of  the Appendix.  
3 .5  ANALYSIS TECHNIQUES 
I n  o r d e r  t o  a v o i d  d i s c u s s i o n  of s p e c i a l i z e d  t e c h n i q u e s  i n  p o r t i o n s  
o f  t h i s  r e p o r t  d e a l i n g  w i t h  d a t a  a n d  r e s u l t s ,  a b r i e f  i n t r o d u c t i o n  
t o  some of  these  mathemat ica l  p rocedures  i s  g i v e n  i n  t h i s  s e c t i o n .  
For  more s o p h i s t i c a t e d  t r e a t m e n t s ,  a p p r o p r i a t e  s o u r c e s  a re  r e f e r -  
enced .   S tandard  tex ts  may be   consul ted   for   in format ion   concern ing  
w e l l  known s t a t i s t i c a l  methods such as P e a r s o n i a n  c o r r e l a t i o n  a n d  
m u l t i p l e   r e g r e s s i o n .  8 Y9 
3 . 5 . 1  Summated Ra t ings  
The  respondent  scores  for  a number o f  v a r i a b l e s  c o n s i d e r e d  i n  t h i s  
s tudy  were d e r i v e d  u s i n g  t h e  L i k e r t  summated r a t i n g s  t e c h n i q u e .  10 
I n  t h i s  p r o c e s s ,  t h e  separate s c o r e s  f o r  r e s p o n s e  c a t e g o r i e s  of a 
set  o f  q u e s t i o n s ,  a l l  r e p r e s e n t i n g  a p a r t i c u l a r  d i m e n s i o n  o r  a t -  
t r i b u t e ,  are summed t o  form a c o m p o s i t e  r a t i n g .  By u s i n g  a set  of 
q u e s t i o n s  r a t h e r  t h a n  a s i n g l e  q u e s t i o n ,  g r e a t e r  r e l i a b i l i t y  i n  t h e  
measu remen t   o f   t he   d imens ion   o r   a t t r i bu te  i s  ob ta ined .  An example 
i s  t h e  v a r i a b l e  Annoyance G i n  t h i s  s t u d y .  The v a l u e   f o r   e a c h  
respondent  i s  ob ta ined  by summing t h e  d e g r e e - o f - d i s t a n c e  s c o r e s  
f o r  a l l  o f  n i n e  a c t i v i t i e s  d i s t u r b e d .  Each s c o r e  h a s  a p o s s i b l e  
v a l u e  o f  z e r o  t o  f i v e ;  t h e r e f o r e  Annoyance G h a s  a r ange  o f  ze ro  
t o  f o r t y - f i v e .  
16 
3.5 .2  Guttman S c a l e   A n a l y s i s  
Guttman scales are o r d i n a l  scales which  have  the  par t icu lar  prop-  
ert ies of  being  unidimensional  and  cumulative.   They are produced 
by a p rocess  known as "scalogram  analysis .   Unidimensional ly  
i m p l i e s  t h a t  t h e  scale items do n o t  i n v o l v e  f a c t o r s  o r  i s s u e s  
e x t r a n e o u s  t o  t h e  a t t r i b u t e  b e i n g  m e a s u r e d .  The cumulat ive  charac-  
t e r i s t i c  i s  s u c h  t h a t  a p a r t i c u l a r  r e s p o n s e  t o  o n e  item on t h e  
scale i m p l i e s  t h e  same r e s p o n s e  t o  a l l  items of lower rank. 
An example  f rom soc ia l  research  i s  t h e  c o n c e p t  o f  " s o c i a l  d i s t a n c e . "  
I n  a n  i d e a l  Guttman scale on w h i c h  v a r i o u s  s o c i a l  r e l a t i o n s h i p s  
are r a n k e d  a c c o r d i n g  t o  t h i s  c o n c e p t ,  i f  one  ind iv idua l  accepts a 
pa r t i cu la r  r e l a t ionsh ip  wi th  ano the r -mar r i age ,  fo r  example - th i s  
acceptance  denotes  acceptance  of  a l l  lesser degrees  of  in t imacy,  
ranked  lower on t h e  s c a l e .  
I n  f a c t  s u c h  i d e a l  scales are ra re ly  found ,  bu t  approx ima t ions  c a n  
o f t en  be  deve loped  f rom ac tua l  da t a .  Among a number of c r i t e r i a  
fo r  t he  use fu lness  o f  approx ima te  scales, t h e  most important i s  
II r e p r o d u c i b i l i t y  o f  r e s p o n s e s . "  T h i s  i s  expressed by a c o e f f i c i e n t  
and i s  a measu re  o f  t he  p ropor t ion  o f  ac tua l  r e sponses  wh ich  f a l l  
i n t o  t h e  i d e a l  p a t t e r n .  The minimum a c c e p t a b l e  v a l u e  f o r  t h e  c o -  
e f f i c i e n t  o f  r e p r o d u c i b i l i t y  was set by Guttman and h i s  c o l l e a g u e s  
a t  0 .90.  
While the  sca logram technique  provides  a tes t  of whether a given 
set  o f  items forms a v a l i d  scale,  i t  does  not select items f o r  
inclusion.   Contemporary  computer   methods,   of ten  employing  the 
Corne l1  sys t em,  have  g rea t ly  s impl i f i ed  the  p rob lem o f  scale item 
s e l e c t i o n .  10 
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3 . 5 . 3  Fac to r   Ana lys i s  
F a c t o r  a n a l y s i s  i s  a s t a t i s t i ca l  t e c h n i q u e  u t i l i z e d  t o  i d e n t i f y  
and  descr ibe  under ly ing  d imens ions  o r  " f ac to r s "  tha t  p roduce  co r -  
r e l a t i o n s  among several ind ices  o r  measu res .  'sl* It i s  a means 
of  reducing  a l a r g e  number o f  i n d i c e s  t o  a manageable set of  con-  
c e p t u a l  v a r i a b l e s ;  i n  a d d i t i o n ,  i t  o f t e n  s i m p l i f i e s  d e s c r i p t i o n  
and  manipulat ion.  I n  s o c i a l   r e s e a r c h ,   u n d e r l y i n g   f a c t o r s  are 
f r e q u e n t l y  l o c a t e d  by t h i s  p r o c e d u r e  a n d  t h o s e  h a v i n g  t h e  greatest  
t h e o r e t i c a l  u t i l i t y  are u s e d  i n  f u r t h e r  r e s e a r c h  o r  e x p l a n a t i o n .  
I n  s u c h  cases, t h e  i n d i c e s  w h i c h  h a v e  t h e  h i g h e s t  c o r r e l a t i o n s  
w i t h  t h e  u s e f u l  f a c t o r s  are combined i n t o  summated sca l e s  wh ich  
a re  t h e n  u s e d  t o  d e s c r i b e  v a r y i n g  d e g r e e s  o f  t h e  f a c t o r s  p o s s e s s e d  
by members of a g r o u p .  W i t h i n  t h i s  r e p o r t  f a c t o r  a n a l y s i s  h a s  
b e e n  u t i l i z e d  i n  t h e  c o n s t r u c t i o n  o f  many scales ,  i n c l u d i n g  a i r -  
c r a f t  n o i s e  a n n o y a n c e ,  n o i s e  s u s c e p t i b i l i t y ,  a t t i t u d e  t o w a r d  
a i r p o r t s ,  a t t i t u d e  t o w a r d  a i r c r a f t  n o i s e ,  f e a r  o f  a i r c r a f t  c r a s h ,  
and  ne ighborhood  sa t i s f ac t ion .  
Al though the  procedures  of  f a c t o r  a n a l y s i s  are somewhat complex, 
the   fundamenta l   idea  i s  r e l a t i v e l y  s i m p l e .  When several measures 
are made o f  a popula t ion  sample, most o r  a l l  o f  them usua l ly  g roup  
themse lves  in to  "c lus t e r s "  such  tha t  each  measu re  i s  c o r r e l a t e d  
p o s i t i v e l y  w i t h  a l l  o t h e r s  i n  t h e  c l u s t e r  b u t  has a low o r  a nega- 
t i v e  r e l a t i o n s h i p  w i t h  t h o s e  i n  o t h e r  c l u s t e r s .  Such a group  of 
i n t e r c o r r e l a t i o n s  s u g g e s t s  t h a t  t h e  m e a s u r e s  i n  a c l u s t e r  a re  a l l  
11 caused ' '  by an underlying factor  which i s  h i g h l y  c o r r e l a t e d  w i t h  
a l l  items i n  t h e  c l u s t e r .  
Because many c l u s t e r i n g s  among measures are poss ib l e  and  the  ob -  
j e c t i v e  i s  to produce  "pure"  o r  un re l a t ed  f ac to r s ,  i t  i s  necessa ry  
t o  u t i l i z e  o n e  o f  several means o f  " r o t a t i n g "  t h e  f a c t o r s  i n  o r d e r  
t o  p r o d u c e  c l u s t e r s  whose  under ly ing  fac tors  are as u n c o r r e l a t e d  
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( o r   o r t h o g o n a l )  as p o s s i b l e .  The degree   t o   wh ich  a component i n  
a c l u s t e r  i s  c o r r e l a t e d  w i t h  a g i v e n  f a c t o r  i s  c a l l e d  i t s  " f a c t o r  
loading ' '  and  re f lec ts  i t s  r a n k  o r d e r  o f  a s s o c i a t i o n  among o t h e r  
items r e l a t e d  t o  t h a t  f a c t o r .  I f  t h e  f a c t o r s  i s o l a t e d  b y  r o t a t i o n  
are  found t o  b e  t h e o r e t i c a l l y  u s e f u l ,  it i s  t h e n  p o s s i b l e  t o  work 
c o n c e p t u a l l y  w i t h  t h e s e  as v a r i a b l e s  w h i c h  i n c l u d e  t h e  e f f e c t s  o f  
several r e l a t e d  m e a s u r e s .  
3.5.4 Automat i c   In t e rac t ion   De tec t ion  
I f  a l a r g e  f i e l d  o f  v a r i a b l e s  i s  a v a i l a b l e ,  as i n  t h i s  s t u d y ,  a 
means of  s e l e c t i n g  a bes t  g roup  o f  p red ic to r s  of a dependent var i -  
a b l e  i s  needed. A method w e l l  s u i t e d  t o  t h i s  t a s k  i s  Automatic 
In t e rac t ion   De tec t ion   (AID) .  A I D  does  two  things:  (1) it con- 
s t r u c t s  a c h a i n  o f  v a r i a b l e s  b e s t  a b l e  t o  a c c o u n t  f o r  v a r i a t i o n  
in  the  dependen t  va r i ab le  and  (2)  it determines whether  or  not  any 
s t a t i s t i c a l   i n t e r a c t i o n   e f f e c t s  are  p r e s e n t .  The l a t te r  f u n c t i o n  
i s  i m p o r t a n t  s i n c e  i n t e r a c t i o n  among t h e  p r e d i c t o r s  g r e a t l y  i n -  
f l u e n c e s  r e s u l t s  o b t a i n e d  f r o m  m u l t i p l e  r e g r e s s i o n  a n d  espec ia l ly  
from MCA ( d i s c u s s e d  i n  S e c t i o n  3.5.5), which  assumes  no s t a t i s t i -  
c a l  i n t e r a c t i o n .  
The A I D  process performs a series o f  b ina ry  s p l i t s  among t h e  v a r i -  
a b l e s ,  e a c h  s u c h  t h a t  t h e  means o f  t h e  two r e s u l t i n g  g r o u p s  t o g e t h e r  
accoun t  fo r  more o f  t h e  v a r i a n c e  i n  t h e  d e p e n d e n t  v a r i a b l e  t h a n  do 
t h o s e  f o r  a n y  o t h e r  s p l i t .  Each  of  the two groups i s  t h e n  t r e a t e d  
i n  t h e  same way. The r e s u l t  o f  t h i s  p r o c e s s  i s  a number o f  small 
unique groups which have differ ing means  on the  dependen t  va r i ab le .  
An examinat ion  of  the  "tree s t ruc ture ' '  which  i s  formed  by A I D  pro- 
v i d e s  a b a s i s  f o r  t h e  s e l e c t i o n  o f  t h e  most u s e f u l  v a r i a b l e s  t o  b e  
i n c l u d e d  i n  a n  MCA a n a l y s i s ;  i n  a d d i t i o n ,  it d e l i n e a t e s  p a t h s  o f  
a d d i t i v e  c h a r a c t e r i s t i c s  w h i c h  e v e n t u a t e  i n  h i g h ,  medium, and low 
mean va lues  of  the  dependent  var iab les  of  concern .  
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3.5.5 M u l t i p l e   C l a s s i f i c a t i o n   A n a l y s i s  
A method of  per forming  mul t ivar . ia te  ana lys i s  which  i s  p a r t i c u l a r l y  
s u i t e d  f o r  c e r t a i n  t y p e s  o f  s o c i a l  d a t a  i s  M u l t i p l e  C l a s s i f i c a t i o n  
Analysis  (MCA) . l4 MCA uses  t echn iques  found  in  dummy v a r i a b l e  
m u l t i p l e  r e g r e s s i o n  a n a l y s i s  b u t  i s  d e s i g n e d  t o  work w i t h o u t  t h e  
cumbersome d a t a  m a n i p u l a t i o n s  a s s o c i a t e d  w i t h  t h a t  m e t h o d .  MCA 
w i l l  h a n d l e  s i t u a t i o n s  w h e r e  t h e  p r e d i c t o r s  are c o r r e l a t e d  w i t h  
each  o ther ,  where  nonl inear  re la t ionships  ex is t ,  and  where  measure-  
ment o f  t h e  p r e d i c t o r  v a r i a b l e s  i s  o f   t h e   w e a k e s t   s o r t .  In o t h e r  
words, MCA i s  i d e a l  f o r  t h e  t y p e  of data measurement found in 
s o c i a l  s u r v e y s ;  i t  i s  employed i n  d e v e l o p i n g  t h e  p r e d i c t i v e  e q u a -  
t i o n s  d e s c r i b e d  i n  t h i s  r e p o r t .  
Whereas a p r e d i c t i v e  e q u a t i o n  b a s e d  upon m u l t i p l e  l i n e a r  r e g r e s s i o n  
a n a l y s i s  i s  of  the  form 
t h e  MCA t e c h n i q u e  y i e l d s  a p r e d i c t i v e  e q u a t i o n  o f  t h e  f o r m  
I n  t h e  l a t t e r  case, each of m v a r i a b l e s  i s  d i v i d e d  i n t o  n categor;  
ies , each with i t s  o m  weigh t ing  am,, and X, is  t h e  r e s p o n s e  i n  
t h e  n t h  c a t e g o r y  o f  t h e  mth v a r i a b l e .  The e q u a t i o n  f o r  p r e d i c t i n g  
Annoyance V developed in  Chapter  6 o f  t h i s  r e p o r t  i s  o f  t h i s  fo rm.  
I t  may b e  a p p l i e d  t o  e i t h e r  a n  i n d i v i d u a l  o r  a group.  An i n d i v i d -  
u a l  would have a r e sponse  in  on ly  one  ca t egory  of each  main  var iab le  
a c c o r d i n g  t o  h i s  a c t u a l  repl ies  t o  c e r t a i n  q u e s t i o n s ,  b u t  a group 
would have responses  in  a l l  c a t e g o r i e s  a c c o r d i n g  t o  t h e  d i s t r i b u t i o n  
of ind iv idua l  r e sponses  wi th in  the  g roup .  
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4.  SAMPLE PROFILES 
I n  t h e  s o c i a l  s u r v e y s  o f  P h a s e  I and Phase 11, a f u l l  complement 
of  in format ion  w a s  e l i c i t e d  from each respondent. i n  t h e  s a m p l e .  
A l though  the  ma jo r i ty  o f  va r i ab le s  cons t ruc t ed  f rom th i s  i n fo rma-  
t i o n  were later found t o  h a v e  l i t t l e  o r  no d i r e c t  a s s o c i a t i o n  w i t h  
b e h a v i o r a l  r e s p o n s e  t o  aircraft  no i se ,  t he  r ange  and  dep th  o f  t he  
v a r i o u s   s o c i a l   d e s c r i p t o r s  is s i g n i f i c a n t .   T h e r e f o r e  a b r i e f  pres- 
e n t a t i o n  o f  t h e  v a r i a t i o n  from c i t y   t o   c i t y  a n d  t h e  d i f f e r e n c e s  
observed between random and complainant  or  organizat ional  samples 
w i l l  b e  made i n  t h i s  c h a p t e r .  F o r  s i m p l i c i t y ,  most o f  t h e  d e -  
s c r i p t o r s  are r e p r e s e n t e d  i n  terms o f  t h e i r  mean va lues ;  comple te  
d i s t r i b u t i o n s  by c i t y  a n d  sample are found  in  Pa r t  B of t h e  Appen- 
d i x .  It shou ld   be   r emembered   t ha t   t he   va lues   o f   t he   va r i ab le s  
d i s c u s s e d  h e r e i n  p e r t a i n  i n  e a c h  c a s e  t o  p a r t i c u l a r  n o i s e - e x p o s e d  
c o m m u n i t i e s  a r o u n d  t h e  a i r p o r t  a n d  n o t  t o  t h e  c i t y  as a whole. 
4 . 1  RANDOM SAMPLES 
The informat ion  concern ing  samples can  be  ca t egor i zed  loose ly  as 
demograph ic ,   soc ioeconomic ,   soc i a l ,   phys i ca l ,   a t t i t ud ina l ,   and  
behaviora l .   Var ious  items i n   e a c h   o f   t h e s e   c a t e g o r i e s  a re  p r e -  
s en ted  in  Tab les  4 . 1  and 4.2 f o r  t h e  random samples in  each  of  the  
seven survey c i t i e s  . 
Only a few s t r i k i n g  d i f f e r e n c e s  are  appa ren t  in Table 4 .1 .  The 
Boston and New York samples are r emarkab ly  h igh  in  the  p ropor t ion  
of  wh i t e  r e sponden t s .  New York r e sponden t s  de f in i t e ly  had  the  
h ighes t   soc ioeconomic   s t a tus   and   t hose   i n  Dallas t h e   l o w e s t .  The 
New York g r o u p  a l s o  e x h i b i t e d  t h e  h i g h e s t  s c o r e s  o f  a l l  i n  v i s i t a -  
t i on   and   o rgan iza t ion   i nvo lvemen t   i nd ices .  The Boston sample  w a s  
u n i q u e  i n  g e o g r a p h i c a l  s t a b i l i t y ,  w i t h  mean v a l u e s  o f  33 y e a r s  i n  
t h e  c i t y  and  19  yea r s  i n  the  same neighborhood. 
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Table  4 . 1  - G e n e r a l  C h a r a c t e r i s t i c s  of Random Samples i n  
Phase I and Phase I1 Cities 
SURVEY C I T Y  
It em Phase I1 Phase I 
C H I  DAL DEN LAX BOS MIA NYC 
Percent  male 
Average  persons 
7 8   6 3   8 0   6 6   9 8   7 1   9 3  Percent Anglo 
29  40  32 32  29  33  33 
Average age 
p e r  household 3.60  3 .10  3 .29  3 .24  3 .69  3 .18  3 .97 
(yea r s )  42.8  45.6  45.2  42.7 40.4 42 .3   39 .1  
Percent  educated 
past H.S. 
owners 77  58  73 67 63  74 82  
66 67 7 3  
31  15  19  32  30  31 40 over  $10,000 
32  26  33  32  26  39  33 
V i s i t a t i o n  I n d e x  2.09   1 .8   1 .68   2 .07  2.46  2 .1   2 .56 
Organiza t ion  In-  
volvement  Index 1 . 3 4   0 . 9 0  1.14  1.14 1 .76   0 .95   1 .89  
Average years  in  
c i t y  
1.24   1 .70   1 .05  yea r s  j 1.41 2.06   2 .40   2 .29  
Moves i n  las t  t e n  
1 
neighborhood I 11 10 8  9 1 19 10 13  
Average   years   in  1 
I 
33  18  21 27 23 7 18 
Percent  income 
1 A v ~ ~ ~ ~ ~ ~ ~ ~ ~ ! ? ~ -  1 68 57 6 4   6 3  1 Percent  home- 
J i I 
Category 
Demographic
Socioeconomic 
S o c i a l  
Category 
~~ 
Phys ica l  
A t t i t ud ina l  
t4 
1 w 
Behavorial  
Table  4.2 - Noise-Related Character is t ics  of Random Samples 
in Phase I and Phase I1 Cities 
Item 
1967 air carrier 
opera t   ions /  1000 
Average distance 
from a i r p o r t  
(miles)  
House at t enuat  ion 
( i n t e r q u a r t  i l e  
range-dB) 
Average CNR 
Percent high "Fear" 
Percent  high 
Percent  low 
Percent  high 
Percent  low 
II Suscep t ib i l i t y ' '  
"Adaptabili ty" 
' 'Misfeasance'' 
I 1  Importance" 
Percent  high 
Percent  complainant 
Percent  with a i r -  
Annoyance G 
c r a f t  n o i s e  
i n t e r e s t  i n  
f i r s t -ment ioned  
organiza t ion  I 
SURVEY C I 1  
Phase I 
C H I  DAL DEN LAX 
57 4 222  129 385 
7 . 9   4 . 8   5 . 0   5 . 4
26-31  27-30  27-31  28-30 
107 110 100 111 
18 19 14  27 
5  8 5 16 
41 45 28  56 
8  8 6 17 
14 2 1  1 3  5 
34 26 2 1  49 
5 2 3 12 
1.83 1 . 7 3  2.18  5.09 
Phase I1 
BOS M I A  NYC 
18 6 231 404 
4.5 4 . 4   5 . 6  
24-27  6- 8  2 -29 
108  06 115 
44 16 . 5 1  
10  4 7 
73  53  82
24 18 38 
14  6 8 
44 22 65 
13 2 22 
0 .51  0.32 1 . 3 1  
Very  d i s t i n c t i v e  p a t t e r n s  a p p e a r  i n  T a b l e  4 . 2 ,  e s p e c i a l l y  among 
t h e  a t t i t u d i n a l  v a r i a b l e s .  The p h y s i c a l   v a r i a b l e s   c o v e r   e x p e c t e d  
r anges  , e x c e p t  f o r  b u i l d i n g  a t t e n u a t i o n ,  w h i c h  varies o n l y  s l i g h t l y  
from c i t y  t o  c i t y .  The u n u s u a l l y  l a r g e  mean d i s t a n c e  from t h e  a i r -  
por t  in  Chicago  may b e  a r e s u l t  o f  b u f f e r  areas which  d i sp lace  the  
popula ted   por t ions  of the   sample  areas outward.   The  f ive a t t i t u -  
d i n a l  v a r i a b l e s  are t h o s e  u s e d  i n  t h e  a n n o y a n c e  p r e d i c t i o n  e q u a t i o n  
d i s c u s s e d  i n  C h a p t e r  6 and  de f ined  in  P a r t  C-I of  the Appendix.  
There i s  c o n s i d e r a b l e  c o n s i s t e n c y  i n  t h e  r a n k i n g  o f  t h e  v a r i o u s  
samples on these   var iab les .   For   example ,   the   Bos ton  sample r anks  
second in  a l l  f i v e  and the Denver sample r anks  seven th  on t h r e e ,  
s i x t h  on a n o t h e r ,  a n d  f o u r t h  on a t h i r d .  The New York  group  dis-  
p l ays  anomalous  behav io r ,  r ank ing  f i r s t  on t h r e e  v a r i a b l e s  b u t  
f o u r t h  on " S u s c e p t i b i l i t y "  a n d  f i f t h  on  "Importance."  There  fur- 
t h e r  appears t o  b e  a s t r o n g  r e l a t i o n s h i p  b e t w e e n  t h e  n o i s e  e x p o s u r e  
parameter CNR, t h e  r a n k i n g s  on a t t i t u d i n a l  f a c t o r s ,  a n d . t h e  d e g r e e  
o f   behav io ra l   r e sponse .  The h i g h e s t  mean CNR, second  h ighes t   over -  
a l l  r ank ing  on a t t i t u d e s ,  a n d  g r e a t e s t  o v e r t  r e s p o n s e  a l l  belong 
t o  t h e  New York sample .  The  lowest   rankings  in  a l l  t h r e e  c a t e g o r -  
ies  a re  e x h i b i t e d  i n  Denver , a n d  t h e  n e x t  l o w e s t ,  i n  M i a m i .  The 
meaning  of  these  assoc ia t ions  i s  deve loped  in  l a t e r  p o r t i o n s  o f  
t h i s  r e p o r t  on a q u a n t i t a t i v e  b a s i s  u s i n g  f u l l  d i s t r i b u t i o n s  r a t h e r  
than means. 
The samples s h o w i n g  g r e a t e s t  g e n e r a l  s i m i l a r i t y  are those  o f  New 
York,  Boston,  and Los Angeles,  on one  hand,  and Miami, Dallas and 
Denver ,   on  the  other .   Chicago  occupies  a pos i t ion   be tween  these  
two groups.  
4 .2  COMPLAINANT SAMPLES 
I n  New York 598 r e sponden t s  known to  be  compla inan t s  were i n t e r -  
v i ewed   i n   add i t ion   t o   t he   1070   chosen  on a random bas is .   Al though 
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t h e  l a t te r  happened t o  i n c l u d e  65 c o m p l a i n a n t s ,  t h i s  number i s  
t o o  small t o  s i g n i f i c a n t l y  a f f e c t  t h e  c h a r a c t e r i z a t i o n  o f  t h e  
random  sample  by  average  values .   Al though  the  complainant  sample 
was taken from a l i s t ,  mos t  o f  t he  r e sponden t s  t he re in  l i ved  wi th in  
the   sample  areas u s e d  i n  s e l e c t i n g  t h e  random  sample. Thus a v a l i d  
comparison  can be made be tween  the   two  samples .   Impor tan t   d i f fe r -  
e n c e s  e x i s t  i n  b o t h  d e s c r i p t i v e  a n d  a t t i t u d i n a l  c h a r a c t e r i s t i c s .  
Table  4 . 3  p r e s e n t s   s u c h   d i f f e r e n c e s   f o r   s e l e c t e d   v a r i a b l e s .  Com- 
p l a i n a n t s  t e n d  t o  l ive  n e a r e r  t h e  a i r p o r t ,  h a v e  a h i g h e r  a i r c r a f t  
no ise  exposure ,  and  are o l d e r ,  more h igh ly  educa ted ,  and  more a f -  
f l u e n t  t h a n  random responden t s .   Compla inan t s   a l so   d i sp l ay   h ighe r  
a w a r e n e s s  o f ,  a n d  n e g a t i v e  a t t i t u d e s  a b o u t ,  a i r c r a f t  o p e r a t i o n s .  
A b a s i c  q u e s t i o n  i s  whether  complainants ,  on the  whole ,  are 
i n d i v i d u a l s  o f  u n u s u a l l y  h i g h  s e n s i t i v i t y  t o  n o i s e  s t i m u l i .  A 
d e t a i l e d  l i s t i n g  o f  random and complainant responses t o  c e r t a i n  
i n t e r v i e w   q u e s t i o n s   o f f e r s  some i n s i g h t  i n t o  t h i s  matter. In   each  
in t e rv i ew,  the  r e sponden t  w a s  asked how  much h e  w a s  annoyed by 
each item read  f rom a l i s t .  One l i s t  c o n t a i n e d   v a r i o u s  common and 
insignif icant  sounds which might  normally be ignored;  these were 
c a l l e d  " n o i s e  s e n s i t i v i t y "  items and  the  r e sponses  are shown i n  
Table  4 . 4 .  A second l is t  conta ined   no ise   sources   which   might   be  
r e s p o n s i b l e  f o r  r e l a t i v e l y  h i g h  levels o f  no i se  in  the  ne ighborhood ;  
t h e s e  were d e n o t e d  " n o i s e  s u s c e p t i b i l i t y "  items and t h e  r e s p o n s e s  
t o  t h e s e  are g iven  in  Tab le  4 . 5 .  
It i s  r emarkab le  tha t  a smaller p e r c e n t a g e  o f  t h e  c o m p l a i n a n t s ,  
in  comparison with the randoms,  were highly annoyed by every item 
in   t he   ' ' no i se   s ens i t i v i ty"   g roup   ( excep t   fo r   one  t i e ) .  While t h i s  
need  not  imply  tha t  . compla inants  were less s e n s i t i v e  b e f o r e  e x -  
p o s u r e  t o  a i r c r a f t  n o i s e ,  it would be d i f f i c u l t  t o  a r g u e  t h a t  t h e y  
are c o n s t i t u t i o n a l l y  h y p e r s e n s i t i v e  i n d i v i d u a l s ,  i n  v i e w  o f  t h e s e  
r e s u l t s .  The d a t a  of  Tab le  4.5 are similar i n  t h e  i n d i c a t i o n  o f  
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Table  4 .3  - Comparison of New York Random and Complainant 
Samples   on  Selected  Variables   (Phase 11) 
- 
Var i a b  le  
. . - - - - - - - - " - " " 
Live  wi th in  4 miles o f  a i r p o r t  
CNR 125 o r  g r e a t e r  
Age 40 y e a r s  o r  g r e a t e r  
C o l l e g e  g r a d u a t e s  o r  a t t e n d e d  4 y e a r s  
o r   l o n g e r  
Annual  income  over $10,000 
N o t i c e  t h e  f o l l o w i n g  m a n i f e s t a t i o n s  o f  
a i r  t r a f f i c  : 
Smoke 
Fumes 
O i l  f a l l o u t  
Land ing   l i gh t s  
F e e l  a i r c r a f t  f l y  t o o  low 
F e e l  a i r c r a f t  m i g h t  c r a s h  i n  t h e  n e i g h -  
borhood 
F e e l  a i r c r a f t  n o i s e  c o u l d  b e  r e d u c e d  
D i s l i k e  a i r c r a f t  n o i s e  a b o v e  a l l  else 
in neighborhood 
Not aware of a i r c r a f t  n o i s e  b e f o r e  mov- 
ing  in to  ne ighborhood 
15 24 
52  69 
. . . . "  
22  56 
18  50 
6 22 
15 42 
39 7 4  
32  62 
8 4   9 3  
40   94  
7 4  87 
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Table  4 . 4  - Comparison of N e w  York Random and Complainant 
Samples on N o i s e  S e n s i t i v i t y  Items (Phase  11) 
Item 
Percen t  of Sample 
-Highly Annoyed 
I Random Complainant 
Walking on G r i t t y  F l o o r s  
M u s i c a l  I n s t r u m e n t s  i n  P r a c t i c e  
Banging Doors 
A i r  Hammers 
Dripping Water 
Whist l i n g  
Chalk Scraping on a Blackboard 
Neighbor 's  Ringing Telephone 
People  Walk ing  on  the  F loor  Above 
Chai rs  Scraping  on  the  F loor  
Neighbors  Laughing  or  Quarre l ing  
Typewri te rs  
14  6 
9 8 
22 15  
47 40 
33 19 
6  6 
49 33 
4  3 
8 4 
12 7 
11 6 
2 1 
Table  4 .5  - Comparison of New York Random and Complainant 
Samples on No i se  Suscep t ib i l i t y  I t ems  (Phase  11 )  
Pe rcen t  of Sample 
Highly Annoyed 
Random Complainant 
Item 
Autos/Trucks 
Neighborhood Children 
21  13 
18 12 DogsIPets 
81  98 A i r c r a f t  
12 7 
54 66 Sonic Booms 
13 6 Garbage Co 1 l ec t  i o n  
12 10 Lawn Mowers 
31  16 Cons t ruc t ion  
23 11 S i r e n s  
16 9 T r a i n s  
53  40 Cycles/Hot Rods 
4 4 People  
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re la t ive ly  lower  annoyance  responses  among the complainant  sample.  
Two impor tan t  except ions  are t h e  n o i s e  o f  a i r c r a f t  a n d  s o n i c  booms, 
where  the  annoyance i s  h i g h e r .  It may b e  i n f e r r e d  t h a t  t h e  a n n o y -  
ance  r eac t ions  o f  t he  compla inan t s ,  t hough  no t  excep t iona l ly  s t rong  
on the  whole ,  have  been  concent ra ted  on  the  noise  produced  by  a i r -  
c ra f t  i n  p a r t i c u l a r .  
Many o f  t h e  t r e n d s  n o t e d  f o r  t h e  New York samples can also be found 
i n  Miami, a l t h o u g h  t h e  number of  compla inants  i s  t o o  small (N = 41) 
t o  a l l o w  s t a t i s t i c a l l y  m e a n i n g f u l  c o m p a r i s o n s  w i t h  t h e  random s a m p l e .  
For  example, i n  c o n t r a s t  t o  t h e  random r e s p o n d e n t s ,  t h e  Miami com- 
p l a i n a n t s  t e n d e d  t o  l i v e  n e a r e r  t h e  a i r p o r t ,  t o  h a v e  h i g h e r  a i r c r a f t  
n o i s e   e x p o s u r e ,   a n d   t o   b e   o l d e r .  The d i f f e r e n c e  i n  a t t i t u d e s  re- 
l a t e d  t o  a i r c r a f t  o p e r a t i o n s  was a l so  h igh ly  p ronounced .  
4 . 3  ORGANIZATIONAL SAMPLE 
A t o t a l  o f  139 r e sponden t s  w e r e  s e l e c t e d  from t h e  membership  of 
t h e  A l l a p a t t a h  C i v i c  O r g a n i z a t i o n  i n  Miami, a group which  ac t ive ly  
p r o t e s t s  a i r c r a f t  n o i s e .  Compar ison   of   these   o rganiza t iona l  re- 
s p o n d e n t s  w i t h  t h o s e  i n  t h e  Miami random sample r e v e a l s  many of t h e  
same differences found between the complainants  and random respond-  
e n t s  i n  New York .   For   example ,   the   o rganiza t iona l  members l i v e d  
c l o s e r  t o  t h e  a i r p o r t ,  h a d  h i g h e r  a i r c r a f t  n o i s e  e x p o s u r e ,  were 
o lder ,  and  had  more  negat ive  fee l ings  about  a i rc raf t  a c t i v i t y .  
Given  such similari t ies,  t h e  q u e s t i o n  arises as t o  what e x t e n t ,  i f  
a n y ,  t h e  o r g a n i z a t i o n a l  members a n d  t h e  c o m p l a i n a n t s  d i f f e r .  
A comparison  can  be made on ly  on a r o u g h  b a s i s .  It i s  n e c e s s a r y  
t o  u s e  t h e  M i a m i  complainant sample, which i s  t o o  small t o  a f f o r d  
a n   a c c u r a t e   c h a r a c t e r i z a t i o n   o f   t h e   c o m p l a i n a n t s .   A l s o ,   s i n c e  
the  o rgan iza t iona l  s ample  i s  drawn  from a s i n g l e  u n i t e d  g r o u p ,  
many c h a r a c t e r i s t i c s  are l i k e l y  t o  b e  more r e p r e s e n t a t i v e  of t h e  
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p a r t i c u l a r  o r g a n i z a t i o n  t h a n  o f  n o i s e - c o n c e r n e d  o r g a n i z a t i o n s  i n  
g e n e r a l .  The  comparison i n  T a b l e  4 . 6  should be examined with 
t h e s e  s t r o n g  r e s e r v a t i o n s  i n  mind.  For  the items i n  t h e  f i r s t  
t a b l e  g r o u p ,  t h e r e  c e r t a i n l y  e x i s t s  a g e n e r a l  s i m i l a r i t y  b e t w e e n  
t h e  two samples, e x c e p t  f o r  " d i s t a n c e  f r o m  t h e  a i r p o r t , "  w h i c h  
can  be  exp la ined  in  terms o f  o r g a n i z a t i o n a l  u n i t y  b a s e d  on geo- 
g r a p h i c a l  p r o x i m i t y .  A t t i t u d i n a l  f a c t o r s  a n d  Annoyance G a l s o  
show comparab le   pa t t e rns .  It t h u s  may b e  t e n t a t i v e l y  i n f e r r e d  
t h a t  o r g a n i z a t i o n a l  members and  compla inan t s  t end  to  be  similar 
b o t h  i n  t h e i r  i n t r i n s i c  c h a r a c t e r i s t i c s  a n d  i n  t h e i r  d i f f e r e n c e s  
f rom randomly chosen individuals  in  areas e x p o s e d  t o  a i r p o r t  n o i s e .  
Table  4 . 6  - Comparison of M i a m i  Complainant  and Allapat tah 
Civ ic  Organiza t ion  Samples  
Var i a b  l e  
.~ . ". .". ~~ - ~ 
Live 4 to 6 miles from a i r p o r t  
CNR 110 o r  g r e a t e r  
Age 40 y e a r s  o r  g r e a t e r  
Educated p a s t  H.S .  
Annual  income $15,000 or more 
Annual  income less than  $6,000 
High  "Fear" 
High " S u s c e p t i b i l i t y "  
Low "Adap tab i l i t y"  
High  "Misfeasance" 
LOW "Importance" 
High n o i s e  s e n s i t i v i t y  
High Annoyance G 
. .  ~ ~~ . . . .. 
~ ~~ - . . .  . 
- ~~~~~ 
t Complainant   Organizat ional  
5 1   9 3  
68 7 2  
87 7 8  
33 34  
15 7 
46 5 3  
68  58 
15 8 
93  88 
59 47 
2 3 
2 0  14 
81 68 
. " 
~~ ~ 
~ 
. .  
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5 .  EXPOSURE AND ANNOYANCE 
5 . 1  NOISE  PARAMETERS 
The fo l lowing  fundamenta l  no ise  parameters  were provided as a 
f u n c t i o n  of time b y  t h e  a n a l y s i s  s y s t e m :  
PNdBl - PNdB computed (with pure tone correct ions15)  
from th i rd-oc tave  band da ta  sampled  once  p e r  
second 
PNdB2 - A s  PNdBl bu t  w i thou t  pu re  tone  co r rec t ions  
PNdB3 - PNdB value  computed  (without  pure  tone 
cor rec t  ions)  f rom maximum f lyover  levels 
occur r ing  in  each  th i rd -oc tave  band  (no t  
n e c e s s a r i l y  s i m u l t a n e o u s l y ) ,  s a m p l e d  o n c e  
p e r  second16 
PHONS - Loudness level computed  accord ing  to  S tevens '  
Mark V I  method 17  
dBN - SPL we igh ted   acco rd ing   t o   i nve r se   o f  40-noy 
contour18;  zero  re ference  a t  1 kHz 
dBA - A-weighted SPL 19 
S I L  - S p e e c h   i n t e r f e r e n c e   l e v e l   ( a r i t h m e t i c   a v e r a g e  
of  SPLs i n  t h e  1 kHz, 2 kHz,  and 4 kHz oc tave  
bands) .  
A c o m p a r i s o n  o f  t h e  v a l u e s  o f  t h e s e  parameters a t  maximum f l y o v e r  
n o i s e  l e v e l  f o r  4730 f lyove r s  r eco rded  du r ing  the  Phase  I survey 
i s  here  reproduced from a previous report ' :  
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Table  5 .1  - Comparison of Maximum Noise  Measures  for  4730 
Flyovers  - E n t r i e s  are [Mean of (M-N)] / [ a ]  
M 
PNdB 1 
PNdB 2 
PNdB 3 
PHONS 
dBN 
dBA 
S I L  
PNdB 1 PNdB 2 PNdB 3 PHONS dBN dB A SIL 
~ ~~~ 
~~ 
Although such comparisons have been made be fo re  ( and  gene ra l ly  
a g r e e  w i t h  t h e s e  r e s u l t s ) ,  t h a t  g i v e n  i n  T a b l e  5 . 1  i s  p a r t i c u l a r l y  
v a l u a b l e  i n  that  it r e p r e s e n t s  a v e r y  l a r g e  mass o f  a c o u s t i c a l  d a t a  
taken   over  a wide  range of community noise   exposure .  From t h e  
s t a n d a r d  d e v i a t i o n s  it i s  appa ren t  t ha t  fo r  de t e rmin ing  no i se  ex -  
posure from s t a t i s t i c a l  d a t a  s i m p l e  measures such as dBN and dBA 
prov ide  ve ry  good  approx ima t ions  to  the  more  complex parameters 
which involve   computa t ion .  The c o n s t a n t   r e q u i r e d   f o r   c o n v e r s i o n  
of  dBA r e a d i n g s  t o  e q u i v a l e n t  PNdB1, for  example,   can  be  taken  from 
t h e  t a b l e .  It i s  l i k e l y  t h a t  t h e s e  c o n s t a n t s  w i l l  change as new 
a i r c r a f t  o r  r e t r o f i t s  are in t roduced  which  produce  modi f ied  noise  
spec t r a ;  however ,  s ince  the  pu re  tone  con ten t  w i l l  probably be re- 
duced ,  t he  s i m p l e r  measures may c o r r e l a t e  e v e n  b e t t e r  t h a n  a t  
p r e s e n t  w i t h  t h e  more complex. 
5 . 2  ANNOYANCE SCALES 
5 . 2 . 1  Annoyance  Measures 
Although  "annoyance" i s  a genera l ly  meaningfu l  term, i n  t h i s  s t u d y  
as i n  earlier r e s e a r c h  i t  i s  d e s i r a b l e  t o  e s t a b l i s h  a q u a n t i t a t i v e  
31 
m e a s u r e   f o r   t h i s   r e s p o n s e .  Two m e a s u r e s ,   i n   f a c t ,  were u s e d   i n  
d i f f e r e n t  p h a s e s  o f  t h e  a n a l y s i s ;  t h e s e  are denoted  Annoyance G 
and Annoyance V. 
Annoyance G was c o n s t r u c t e d  i n  the fol lowing  manner:   respondents  
who were bothered by a i rc raf t  n o i s e  were asked  by  the  in t e rv i ewers  
t o  i d e n t i f y  t h e  k i n d s  o f  d a i l y  ac t iv i t i e s  t h a t  were d i s t u r b e d  by 
t h e  n o i s e ,  a n d  t o  i n d i c a t e  how bo the red  they  were u s i n g  t h e  " o p i n -  
ion  thermometer ' '   which was r e a d  as a sca l e   f rom 1 t o   5 .   Those  
who were n o t  d i s t u r b e d  o r  who d id  no t  r e spond  were a s s igned  a 
s c o r e  o f  0.  Annoyance G w a s  formed  by  s imply  adding  the  opinion 
thermometer  scores  for  a l l  n i n e  " a c t i v i t y  d i s t u r b e d "  c a t e g o r i e s .  
Each respondent  thus had a d i s tu rbance  sco re  o f  f rom 0 t o  4 5 ,  
depending on h i s   d i s t r i b u t i o n   o f   r e s p o n s e s .   T h e  mean f o r  t h i s  
d i s t r i b u t i o n  w a s  23.2.  A t o t a l   o f   4 , 1 5 3   p e r s o n s   i n   P h a s e   1 - 9 8 . 6  
pe rcen t  o f  the sample- repor ted  one  or  more d i s t u r b a n c e s  o f  d a i l y  
a c t i v i t i e s  by a i r c r a f t  n o i s e  a n d ,  c o r r e s p o n d i n g l y ,  a t  least  some 
d e g r e e   o f   b o t h e r .   T a b l e   5 . 2   s h o w s ,   f o r  each o f  n i n e  a c t i v i t i e s  
d i s t u r b e d ,  t h e  p e r c e n t a g e  of the t o t a l  r e s p o n d e n t  sample who 
scored  4 o r  5 f o r  tha t  a c t i v i t y .  
Table  5 . 2  - Percent  Extremely Disturbed by Aircraft  
Noise'k,  by A c t i v i t y  D i s t u r b e d  ( P h a s e  I) 
Act iv i ty  Pe rcen t  
TVIRadio r e c e p t i o n  
13.8 Telephone 
14.5 Conversat ion 
20.6 
R e  l a x i n g   o u t s i d e  12.5 
R e l a x i n g  i n s i d e  10 .7  
L i s t e n i n g  t o  r e c o r d s / t a p e s  9 . 1  
S leep  
3 .5  Ea t ing  
6 . 3  Reading 
7 . 7  
* P e r c e n t  s c o r i n g  4 o r  5 on a 1-5 scale.  
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A somewhat more complex measure, Annoyance V ,  w a s  u s e d  i n  
d e v e l o p i n g  t h e  p r e d i c t i v e  e q u a t i o n  d e s c r i b e d  i n  S e c t i o n  6 . 3  
us ing  Phase  I d a t a .  Annoyance was derived  f rom a Varimax f a c t o r  
a n a l y s i s  of  annoyance - re l a t ed   va r i ab le s :   pe rcep t ion  of neighbors  
b e i n g  a n n o y e d  b y  a i r c r a f t  n o i s e ,  p e r c e p t i o n  o f  a i r c r a f t  n o i s e  as 
a ci ty-wide  problem,  and p a s t  annoyance.   Factor   loadings  (which 
can be thought  of as e q u i v a l e n t  t o  w i t h i n - c l a s s  c o r r e l a t i o n  
c o e f f i c i e n t s  b e t w e e n  e a c h  v a r i a b l e  a n d  t h e  c l u s t e r  o f  v a r i a b l e s  
which  represents  the  annoyance  d imens ion)  and  s tandard ized  weights  
are shown i n  T a b l e  5 . 3 .  
Table  5 .3  - P r i n c i p a l  Annoyance  Components 
(Fac to r  Ana lys i s  - Phase I) 
S tanda rd ized  
X V a r i a b l e  We igh  t Loading 
1 Annoyance G 0.2494 0.7843 
2 Neighbors  annoyed 
3 City-wide  annoyance 
4 P a s t  annoyance 
.8004 
. 6  158 
.5014 
.247 3 
.2088 
.1900 
Annoyance V i s  then  g iven  by  
V = 0.2494  (Xl) + 0.2473 (X2) + 0.2088 (X3) + 0.1900 (X4) . 
(The measure V i s  i d e n t i c a l  t o  t h e  a n n o y a n c e  m e a s u r e  R u s e d  i n  a 
p rev ious  r epor t  on t h i s  r e s e a r c h . 2 )  
T a b l e  5 . 4  g i v e s  t h e  d i s t r i b u t i o n  of t h e  component v a r i a b l e s  X2, 
X 3 ,  and X4 f o r  t h e  P h a s e  I sample.  
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Table  5 . 4  - D i s t r i b u t i o n  o f  V a r i a b l e s  Used i n  Annoyance V 
(Phase I) - T o t a l  N = 3590 
~ . - ". 
Response 
Var i a b  l e  0 1 2 3 4 5 
. .~ ." 
N 7 58  958 48 9 47 2 432  48 1 
x2 % 
x3  % 
2 1 . 1  26.7  13.6 1 3 . 1  1 2 . 0   1 3 . 4  
10 .3   10 .7   16 .3   23 .5  21 .6  17 .5 
N 37 0 386  585  846  776  627 
N 64  1534  525   496   468   503  
x4 % 1.8   42 .7   14 .6   13 .8   13 .0   14 .0  
5 . 2 . 2  Scalogram  Analysis 
The scale o f  Annoyance G w a s  s u b j e c t e d  t o  S c a l o g r a m  a n a l y s i s ,  t h e  
t echn ique   fo r   wh ich  i s  d i s c u s s s d   i n   S e c t i o n  3 . 5 . 2 .  This process  
h e r e  d i s t r i b u t e s  t h e  i n f o r m a n t s  a l o n g  a d imens ion  r ep resen t ing  the  
magnitude of annoyance. 
Bes ides  se rv ing  as a v a l i d a t i o n  tes t  of  the annoyance measure 
used ,  Sca logram analys is  permi t ted  a comparison with scales used 
i n  p r e v i o u s  s t u d i e s ,  s i n c e  t h e  i n t e r v i e w  p r o c e d u r e s  a n d  l i s t s  of 
a c t i v i t i e s  d i s t u r b e d  were similar. This compar i son   fo r   t he   Phase  I 
survey i s  r e p r e s e n t e d  i n  S e c t i o n  5 . 2 . 3 .  
Table 5 . 5  g i v e s  r e s u l t s  f o r  t h e  f o u r  c i t i e s  of  Phase I .  By r e a d i n g  
down the  co lumns ,  t he  pe rcen tage  o f  i n fo rman t s  who were annoyed 
w i t h   t h e   d i s t u r b a n c e  of e a c h   a c t i v i t y   c a n   b e   d e t e r m i n e d .   D i s t u r b -  
a n c e  o f  e a c h  a c t i v i t y  i m p l i e s  d i s tu rbance  o f  a l l  o t h e r  a c t i v i t i e s  
l o w e r   i n   t h e  scale as wel l .  For example, in   Chicago  1.7 percen t  
of  t h e  p o p u l a t i o n  r e p o r t e d  d i s t u r b a n c e  i n  e a t i n g  a c c o r d i n g  t o  t h e  
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Table 5 . 5  - Scalogram  Analysis  for  Phase I Cities 
(Nine  Item  NASA  Scales) 
Chicago  Los  Angeles
Cumu  la t ive 
Disturbance  Percent  Dis urbance  Percent 
Cumulative 
Order  Annoyed 
Eating 
Sleeping 
Reading/ 
Concentrating 
Listening  to 
Records/Tapes 
Telephone 
Conversation 
Relaxing 
Inside 
Relaxing 
Outside 
Face-to-Face 
Conversation 
TVIRadio 
Reception 
1.7 
4.1 
18.4 
30.6 
38.3 
44.8 
49.9 
52.1 
55.8 
Number  of 
Interviewees : 827 
Percent  Not 
Disturbed: 44.2 
Coefficient of 
Reproducibility:  .95
Order  Annoyed 
Eating 
Sleeping 
Listening  to 
Records/Tapes 
Reading/ 
Concentrating 
Relaxing 
Outside 
Telephone 
Conversation 
Face-to-Face 
Conversation 
Relaxing 
Inside 
TV/Radio 
Reception 
4.7 
20.7 
44.6 
50.7 
55.4 
61.4 
62.7 
66.6 
72.5 
786 
27.5 
.93 
Denver Dallas 
I 
Cumulative 
Disturbance  Percent  Dis urbance  Percent 
Order  Annoyed  Order  Annoyed 
Cumulatjve 
Eating 
Sleeping 
Relaxing 
Outside 
Reading/ 
Concentrating 
Listening  to 
Records/Tapes 
Relaxing 
Inside 
Telephone 
Conversation 
Face-to-Face 
Conversation 
TV/Radio 
Reception 
2.4 
4.2 
5.3 
8.4 
10.9 
12.7 
24.0 
26.9 
35.7 
~ Eating 
! Reading/ 
1 Concentrating ' Listening  to 
I#  Telephone 
'I Conversation 
~ Sleeping 
~ Face-to-Face 
Conversation 
' Relaxing 
Outside 
Relaxing 
Inside 
TV/Radio 
Reception 
RecordsITapes 
I 
1.2 
2.4 
5.0 
16.9 
23.0 
27.8 
34.3 
40.9 
50.0 
1,009 
.90  .95 
11 p e r f e c t "  scale. F o r   t h e s e   p e r s o n s ,  a l l  o t h e r  act ivi t ies  were 
a l s o  r e p o r t e d  as d i s t u r b e d  b y  aircraft  n o i s e .  An a d d i t i o n a l  2 . 4  
percen t  of t h e  i n f o r m a n t s  ( t o t a l  o f  4 . 1  p e r c e n t )  r e p o r t e d  d i s t u r b -  
ance   o f  sleep. F o r   t h e s e   p e r s o n s ,  a l l  o t h e r  act ivi t ies  except 
e a t i n g  were a l s o  r e p o r t e d  as d i s t u r b e d .  The   remain ing   l ines  are 
i n t e r p r e t e d  i n  t h e  same manner. 
A l t h o u g h  t h e  s p e c i f i c  o r d e r  o f  d i s t u r b a n c e  varies from c i t y  t o  
c i t y ,  i t  a p p e a r s  t h a t  t h e  d o m i n a n t  o r d e r ,  f r o m  m o s t  i n c l u s i v e  t o  
least i n c l u s i v e ,  i s  e a t i n g ,  s l e e p i n g ,  r e a d i n g  o r  c o n c e n t r a t i n g ,  
l i s t e n i n g  t o  r e c o r d s  o r  t a p e s ,  t e l e p h o n i n g ,  r e l a x i n g  o u t s i d e ,  re- 
l a x i n g  i n s i d e ,  f a c e - t o - f a c e  c o n v e r s a t i o n ,  a n d  TV o r  r a d i o  r e c e p t i o n .  
C o e f f i c i e n t s  o f  r e p r o d u c i b i l i t y  are a c c e p t a b l y  h i g h .  
5 . 2 . 3  Comparison  With  Other  Studies 
Tab le  5 . 6  p r e s e n t s  scale compar isons  be tween the  present  s tudy  and  
t h e  1957 A i r  Fo rce  s tudy  o f  communi t i e s  a f f ec t ed  by  SAC b a s e s .  3 
The A i r  Fo rce  s tudy  que r i ed  in fo rman t s  conce rn ing  the  f r equency  
and  degree  of  annoyance  in  connec t ion  wi th  res t ing ,  s leeping ,  ta lk-  
i n g ,  h o u s e  v i b r a t i o n ,  a n d  l i s t e n i n g ;  a n d  a b o u t  g e n e r a l  a t t i t u d e s  
t o w a r d  a i r c r a f t  n o i s e .  S i n c e  t h e s e  items were among t h o s e   i n c l u d e d  
i n  t h e  NASA s t u d y ,  a c o m p a r i s o n  l i m i t e d  t o  t h e s e  common items was 
f e a s i b l e .  
W i t h  m i n o r  v a r i a t i o n s ,  t h e  o r d e r  of act ivi t ies  d i s t u r b e d  i n  t h e  
NASA c i t i e s  s u b s t a n t i a t e s  t h e  o r d e r  o b s e r v e d  i n  t h e  A i r  Force  s tudy  
conducted some 1 2  y e a r s  earl ier.  The minimum r e l i a b i l i t y  c r i t e r i o n  
i s  approached ,   bu t   no t   qu i t e  met, i n   e a c h  case. The pe rcen tages  
of  the  popula t ion  not  d i s turbed  and  not  annoyed cannot  be  compared  
d i r e c t l y  s i n c e  t h e  NASA sample inc luded  a g r e a t e r  p r o p o r t i o n  o f  
households  wi th  low noise  exposure  than  d id  the  A i r  Force sample .  
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Table 5.6 - Scalogram Analysis for SAGand NASA Phase I Cities 
(Six Item NASA and A i r  Force Scales) 
SAC Cities "_ " . ~~~ 
Cumu la t  i ve  
Percent 
Disturbance  Order Annoyed* 
" -~ ~~ 
~~ 
Resting 
(More than a l i t t l e  annoyed) 
Sleeping 
(More than a l i t t l e  annoyed) 
Talking 
(More than a l i t t l e  annoyed) 
Vibrations 
(More than a l i t t l e  annoyed) 
Lis tening 
(More than a l i t t l e  annoyed) 
Resting 
(A  l i t t l e  annoyed) 
Sleeping 
( A  l i t t l e  annoyed) 
Talking 
( A  l i t t l e  annoyed) 
Vibrations 
(A l i t t l e  annoyed) 
Lis tening 
( A  l i t t l e  annoyed) 
General Aircraft  Annoyance 
X 
X 
X 
21.0 
X 
X 
X 
X 
X 
45.2 
82.0 
Number of Interviewees:  2,328- 
Percent Not  Ann yed: 18.0 
. ~~~ ~~ ~ ~ ~ ~ ~ 
Coeff ic ient  of 
Reproducibil i ty:  0.90 
NASA Cities 
" - ~ ~~~ ~ ~ 
Cumulative 
Percent 
Disturbance  Order Annoyed 
- . " ~~ 
Sleeping 
(More than a l i t t l e  annoyed)  13.2 
Relaxing Inside 
(More than a l i t t l e  annoyed)  14.0 
Face-to-Face Conversation 
(More than a l i t t l e  annoyed)  22.0 
Vibration 
(More than a l i t t l e  annoyed) 2 2 . 1  
TVIRadio Reception 
(More than a l i t t l e  annoyed)  23.7 
Sleeping 
(A l i t t le annoyed)  23.9 
Relaxing Inside 
(A l i t t l e  annoyed) 2 7 . 6  
Face-to-Face Conversation 
(A l i t t l e  annoyed)  27.8 
Vibration 
(A l i t t l e  annoyed)  29.2 
TVlRadio Reception 
(A l i t t l e  annoyed)  54.2 
General  Aircraft  Annoyance 58.4 
3,545 
41.6 
0.87 
*Percentage for individual disturbance not reported.  
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Table 5.7 p r e s e n t s  t h e  same type of  comparison between the 1961 
Heathrow (London) study4 and the NASA Phase I s t u d y ,  by c i t y .  
Among r e s p o n s e s  i n  t h e  c a t e g o r y  c a l l e d  " v a r i o u s  activit ies" were 
such  th ings  as v i s i t i n g ,  s t r o l l i n g ,  p r a y i n g ,  p a r t i c i p a t i n g  i n  o r  
v i ewing   spo r t ing   even t s ,   and   shopp ing .   On ly   two   s a l i en t   d i f f e r -  
ences  a p p e a r  be tween   t he   Br i t i sh   and  U.S.A. c i t i es .  London 
r e s i d e n t s  r e p o r t e d  less d i s t u r b a n c e  o f  s l e e p i n g ,  p o s s i b l y  b e c a u s e  
of  r e s t r i c t i o n s  on t h e  n o i s e  o f  n i g h t  o p e r a t i o n s  i n  e f f e c t  a t  t h e  
time o f  t h e  s u r v e y .  I n t e r r u p t i o n  o f  T V / r a d i o  r e c e p t i o n  was h i g h e r  
i n  o r d e r  i n  London a n d  t h e r e f o r e  more i n d i c a t i v e  o f  o t h e r  d i s t u r b -  
a n c e s .  The l a t t e r  d i f f e r e n c e  may w e l l  r e f l e c t  c u l t u r a l  d i f f e r e n c e s ,  
i . e . ,  a h i g h e r  v a l u e  p l a c e d  upon t h i s  a c t i v i t y  among t h e  B r i t i s h .  
The c o e f f i c i e n t  o f  r e p r o d u c i b i l i t y  s u p p o r t s  t h e  u s e  o f  t h e  s c a l e s  
t o  e s t a b l i s h  a n n o y a n c e  m e a s u r e s .  
5 . 3  MEASUREMENT OF AIRCRAFT  NOISE  XPOSURE 
H i s t o r i c a l l y ,  several formulat ions  have  been  used  to   produce a : 
s ingle-number   index   of   no ise   exposure .   Severa l   o f   these  were 
eva lua ted  us ing  Phase  I d a t a  t o  d e t e r m i n e  w h i c h  y i e l d s  t h e  h i g h e s t  
s t a t i s t i c a l  s i g n i f i c a n c e   i n   p r e d i c t i n g   a n n o y a n c e .  The t h r e e  ac- 
cepted  formula t ions  are the  Composi te  Noise  Rat ing  (CNR), Noise 
and Number Index  (NNI),   and  Noise  Exposure  Forecast  (NEF). These 
d i f f e r  p r i m a r i l y  i n  t h e i r  t r e a t m e n t  o f  t h r e e  f u n d a m e n t a l  compo- 
n e n t s :  a scale v a l u e  o f  a i r c r a f t  f l y o v e r  n o i s i n e s s  b a s e d  on t h e  
r e s u l t s  o f  p s y c h o p h y s i c a l  e x p e r i m e n t s ,  t h e  number o f  a i r c r a f t  
o p e r a t i o n s ,  a n d  t h e  time of  day (s imply categorized as dayt ime or  
n ight t ime) .   Another   measure   cons idered  was the   cumula t ive  time 
dur ing  the  day  in  wh ich  the  Speech  In t e r f e rence  Level (SIL)  of 
a i rc raf t  no i se   exceeded   ce r t a in   va lues .   These  times were inc luded  
i n  t h e  a n a l y s i s  i n  b o t h  l i n e a r  a n d  l o g a r i t h m i c  f o r m .  
The a i r c r a f t  n o i s e  e x p o s u r e  was d e t e r m i n e d  i n  e a c h  c i t y  f o r  a p e r i o d  
o f  a t  least t h r e e  m o n t h s ,  j u s t  b e f o r e  t h e  i n t e r v i e w s  were conducted.  
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Table 5.7 - Scalogram  Analysis  for  London’and  NASA  Phase I Cities 
(Six  Item  London  and  NASA  Scales) 
London Chicago 
Cumulative 
Order  Annoyed Order  Annoyed 
Disturbance  Percent Disturbance  Percent 
Cumu la t ive 
Various 
Activities 
House 
Vibration 
TV / Radio 
6 
18 
W Reception 28 
Face-to-Face 41 
Conversation 
Sleeping 57 
General  Aircraft 86 
Annoyance 
9 
Various 
Activities 4 
Sleeping  24 
House 
Vibration 44 
Face-to-Face 
Conversation 
TVfRadio 
Reception 56 
General  Aircraft 65 
Annoyance 
51 
Number of 
Interviewees : 1,909 8 27 
Annoyed : 
Percent Not 14 35 
Coefficient of 
Reproducibility: * 9 6  0 . 9 6  
Los Angeles 
Cumulative 
Disturbance  Percent 
Order  Annoyed 
Various 
Activities 7 
Sleeping 35 
House 
Vibration 6 0  
Face-to-Face 66 
Conversation 
TV/ Radio 
Reception 68 
General  Aircraft 8o 
Annoyance 
786 
20 
0.95  
Denver 
Disturbance  Percent 
Cumulative 
Order  Annoyed 
Activities 
Various 3 
Sleeping  19 
House 
Vibration 3 1  
TV /Radio 
Reception 36 
Face-to-Face 37 
Conversation 
General  Aircraft 49 
Annoyance 
1,009 
5 1  
0.98 
Dallas 
Cumu 1 at  ive 
Disturbance  Percent 
Order  Annoyed 
Various 
Activities 5 
Sleeping  22 
Face-to-Face ho 
Conversation 
House 
Vibration 
TV/ Radio 
Reception 52 
General  Aircraft 67 
Annoyance 
49 
923 
33 
0.96 
An earlier r e p o r t '  d e s c r i b e d  i n  d e t a i l  t h e  p r o c e d u r e s  u s e d ,  w h i c h  
inc luded  bo th  on - s i t e  no i se  measu remen t s  and  ex t r apo la t ions  where  
f i e l d  d a t a  c o u l d  n o t  b e  o b t a i n e d  f o r  c e r t a i n  areas o r  f l i g h t  
t r a f f i c  c o n d i t i o n s .  F o r  a l l  the noise   exposure  measures   computed,  
day  and  n igh t  pe r iods  were t a k e n  as 0600-2100 and 2100-0600 hours, 
r e s p e c t i v e l y ,  a n d  a l l  loga r i thms  are t a k e n  t o  b a s e  10. 
5 .3 .1   Composi te   Noise   Rat inq  
The CNR computa t ion  procedure7  uses  the  maximum v a l u e s  o f  P e r -  
ce ived  Noise  Level (PNL) f o r  a i rcraf t  operations,   computed  from 
noise  band  levels, a n d  d o e s  n o t  i n c l u d e  c o r r e c t i o n s  f o r  d i s c r e t e  
f r e q u e n c y   c o m p o n e n t s   o r   f o r   d u r a t i o n .   R e p e t i t i v e   o p e r a t i o n s  are 
summed on an  ene rgy  bas i s  (10 log n ) ,  a n d  n i g h t  o p e r a t i o n s  are as- 
s igned  a v a l u e  13 u n i t s  h i g h e r  t h a n  d a y  o p e r a t i o n s .  This i n c r e a s e  
i n  v a l u e  f o r  n i g h t  o p e r a t i o n s  i s  e q u i v a l e n t  t o  a f a c t o r  o f  20 i n  
t h e  number o f  occur rences .  
The CNR f o r  a s i n g l e  class o f  o p e r a t i o n  j , d e f i n e d  as t h o s e  f l y -  
overs which produce a p a r t i c u l a r  n o i s e  c h a r a c t e r i s t i c  a t  t h e  p o i n t  
i n   q u e s t   i o n  ,
where N D ~  and 
i s  
CNRj  = PNLj + IO l o g  (N + 2 0 N ~ j )  - 12, 
D j  
N N ~  are t h e  number of occurrences  dur ing  day  and  
n i g h t  , r e s p e c t i v e l y .  
The t o t a l  e x p o s u r e  a t  t h e  s i te  r e s u l t s  from t h e  o p e r a t i o n  of var i -  
ous t y p e s  o f  a i r c r a f t  on d i f f e r e n t  f l i g h t  p a t h s ,  g i v e n  b y  t h e  
energy sum o f  t h e  CNRj: 
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5.3.2  Noise  and Number Index 
The NNI va lues  are computed from an energy average of maximum 
f l y o v e r  PNL v a l u e s ,  d e s i g n a t e d  APNL, and a t o t a l  o p e r a t i o n s  c o u n t  
N , a c c o r d i n g   t o  the equa t ion  , 
N N I  = APNL + 15 log N - 80. 
This  measure a p p l i e s  t o  a spec i f ic  per iod ,  such  as one day or one 
n i g h t .  A comparison  between  daytime  and  nighttime N N I  va lues   l eads  
t o  t h e  t e n t a t i v e  c o n c l u s i o n  t h a t  t h e r e  i s  a n  e f f e c t i v e  d i f f e r e n c e  
of  about  17 NNI units  between day and night  exposures ,  the night  
exposure  hav ing  the  larger v a l u e  .5 For  compar ison  wi th  o ther  ex- 
posure measures ,  i t  a p p e a r e d  a d v i s a b l e  t o  form a modif ied N N I ,  
de s igna ted  NNI', to  accoun t  fo r  bo th  day  and  n igh t  ope ra t ions :  
N N I  N N I N  + 17 
N N I '  = 10 log (an t i1og  - + a n t i l o g  10 10 ) ,  
where N N I D  and N N I N  are the  va lues  de te rmined  for  day  and  n ight .  
5 .3 .3   Noise   Exposure   Forecas t  
Using procedures  specif ied by FAA,20 va lues  o f  NEF were computed 
f r o m  t h e  b a s i c  n o i s e  d a t a .  I n  c o n t r a s t  t o  CNR and N N I ,  NEF inco r -  
po ra t e s  a f l y o v e r  n o i s e  d e s c r i p t i o n ,  E f f e c t i v e  P e r c e i v e d  N o i s e  
Level  (EPNL), w h i c h  i n c l u d e s  c o m p e n s a t i o n  f o r  t h e  e f f e c t s  o f  d i s -  
crete frequency components and of d u r a t i o n  upon judged  no i s ines s .  
F u r t h e r ,  a d a y - n i g h t  d i f f e r e n t i a l  o f  12 NEF u n i t s  ( e q u i v a l e n t  t o  
a 5 0 / 3  r a t i o  i n  number of operations) and energy summation over 
a l l  o p e r a t i o n s  are  s p e c i f i e d .  The p a r t i a l  NEF f o r  a s i n g l e  class 
o f  o p e r a t i o n  j i s  g iven  by 
NEFj = EPNLj + 10 10g(ND + - 50 NN) - 88 , 
3 
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and the  exposure  summed o v e r  a l l  o p e r a t i o n s  i s  
NEF = 10 log a n t i l o g  ( N E F ~ /  10) . 
J 
5 . 3 . 4  Speech   In te r fe rence   Measures  
The exposure measures derived from SIL d a t a  r e f l e c t  d u r a t i o n  o f  
e x p o s u r e ,   r a t h e r   t h a n  number o f   e x p o s u r e s .   S p e c i f i c a l l y ,   t h e s e  
a re  t h e  number o f  s econds  du r ing  the  day t ime  in  wh ich  the  S I L  o f  
a i r c r a f t  no i se   exceeded   ce r t a in   t h re sho ld   va lues .   The  S I L  d a t a  
were in t roduced  as measures  of  communicat ions interference because 
s u c h  i n t e r f e r e n c e  may b e  a prominent  form of  d is turbance .   The  S I L  
v a l u e s  were computed as a v e r a g e s  o f  t h e  S P L ' s  i n  t h e  1 kHz, 2 kHz, 
and 4 kHz octave  bands.   Although it  has   been  shown t h a t  a somewhat 
d i f f e r e n t  f o r m u l a t i o n  may be  a b e t t e r  p r e d i c t o r  o f  s p e e c h  i n t e r f e r -  
e n c e Y 2 '  t h e r e  i s  v e r y  l i t t l e  d i f f e r e n c e  f o r  t h e  r e s t r i c t e d  t y p e  o f  
n o i s e  c o n s i d e r e d  h e r e ;  a l s o ,  t h e  f o r m u l a t i o n  u s e d  i s  c o n s i s t e n t  
wi th   o lder   da ta ,   making   compar isons  simpler.  The s e l e c t e d   t h r e s h -  
o l d  v a l u e s  were 60 dB and 7 5  dB, r e p r e s e n t i n g  t h e  a i r c r a f t  S I L I S  
measured  outdoors   above  which  persons  outdoors   and  indoors ,  re- 
s p e c t i v e l y ,  are l i k e l y  t o  e x p e r i e n c e  s e r i o u s  d i s r u p t i o n  o f  s p e e c h  
communica t ion .   The   dura t ions   in   seconds   above   these  levels  a r e  
denoted D60 and D75. 
5 . 3 . 5  Comparison  of  Noise  Exposure  Measures 
F o r  n o i s e  s u r v e y  d a t a  t a k e n  i n  P h a s e  I c i t i e s ,  the  above  exposure  
measures were found t o  b e  r a t h e r  wel l  c o r r e l a t e d .  T a b l e  5.8 g i v e s  
t h e   c o e f f i c i e n t s  computed  from  survey t rac t  d a t a .  I t  i s  appa ren t  
t h a t  CNR and N N I '  a re  e s s e n t i a l l y   i n t e r c h a n g e a b l e .   S i n c e  many of  
t h e  c o r r e l a t i o n  c o e f f i c i e n t s  a re  s u b s t a n t i a l l y  h i g h e r  t h a n  t h e  
v a l u e  o f  0 . 3 5  which i s  t y p i c a l  f o r  t h e  e x p o s u r e / a n n o y a n c e  r e l a t i o n  
( d i s c u s s e d  i n  t h e  f o l l o w i n g  s e c t i o n ) ,  t h e  c h o i c e  o f  n o i s e  e x p o s u r e  
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measure i s  n o t  p a r t i c u l a r l y  c r i t i ca l  i f  e x p o s u r e  i n  a community 
as a whole i s  be ing  de te rmined  as. an  estimate of annoyance. 
T a b l e  5.8 - Corre la t ions  Between Noise  Exposure  Measures  
(Phase I) 
F i g u r e s  5 . 1  and 5 . 2  are s c a t t e r g r a m s  o f  CNR vs NEF and CNR v s  N N I '  
f o r  t h e  s u r v e y  t racts  of Phase  I. I n  F i g u r e  5 . 1 ,  t h e  s l o p e  of t h e  
l e a s t - s q u a r e s  r e g r e s s i o n  l i n e  i s  0 . 9 7 ;  i n  F i g u r e  5 . 2 ,  t h e  s l o p e  i s  
0 . 8 4 .  I f   e x p o s u r e   v a l u e s   i n   t h e   l o w e s t   e x p o s u r e   z o n e s  are  i g n o r e d ,  
u n i t y  s l o p e  may r e a s o n a b l y  be assumed i n  b o t h  cases, l e a d i n g  t o  t h e  
u s e f u l  a p p r o x i m a t i o n s  
CNR = NEF + 7 2  (a  = 6 . 0 ) ,  
CNR = NNI' + 56 (0 = 3 . 2 ) .  
5 . 4  CORRELATION  OF EXPOSURE AND ANNOYANCE 
T a b l e  5 . 9  g i v e s  p r o d u c t  moment c o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  
Annoyance G ,  Annoyance V ,  a n d  t h e  t h r e e  e x p o s u r e  m e a s u r e s  CNR, 
NNI', and NEF, c a l c u l a t e d  f r o m  t h e  d a t a  f o r  the  3590 r e s p o n d e n t s  
of Phase I .  
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F I G .  5.1 - CNR AND  NEF  VALUES FOR 51 SURVEY  AREAS 
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F I G .  5.2 - CNR AND N N I '  VALUES FOR 51 SURVEY  AREAS 
I N  PHASE I C I T I E S   W I T H  CNR ZONE A N 0   N N I  
C R I T I C A L  RANGE L I M I T S   I N D I C A T E D  
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Tab le  5 .9  - Corre la t ions  Between Indiv idua l  Noise  Exposure  
and Annoyance (Phase I )  
Annoyance I Exposure  Measure 
Measure 1 CNR NNI ' NEF 
G 
V 
0.37 0.34 0.32 
0.33 0.31 0.30 
A s  a r e s u l t  o f  t h e  l a r g e  s a m p l e  s i z e ,  c o n f i d e n c e  i n t e r v a l s  are 
small. For   example,   the  95 p e r c e n t   c o n f i d e n c e   i n t e r v a l   f o r  G/CNR 
c o r r e l a t i o n  i s  0.335-0.384. CNR i s  t h e  b e s t  p r e d i c t o r  of annoy- 
ance  and  the re  i s  n o  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  o t h e r  t w o  
measures .  
I n  g e n e r a l ,  h o w e v e r ,  t h e  v a l u e  o f  n o i s e  e x p o s u r e  a l o n e  as an  
annoyance  predictor  i s  r a t h e r   p o o r .  This i s  a t y p i c a l  r e s u l t  of 
s u c h  i n v e s t i g a t i o n s .  I n  t h e  H e a t h r o w  A i r p o r t  s t u d y  , 4  a c o r r e l a -  
t i o n  c o e f f i c i e n t  o f  0 . 4 6  w a s  ob ta ined  be tween indiv idua l  annoyance  
s c o r e s   a n d   n o i s e   e x p o s u r e .   I n  a s t u d y  o f  t r a f f i c  n o i s e ,  a n  e x -  
a m i n a t i o n  o f  " d i s s a t i s f a c t i o n  s c o r e s ' '  a n d  a measu re  ca l l ed  "Tra f f i c  
Noise  Index"  produced a c o r r e l a t i o n  c o e f f i c i e n t  o f  0 . 2 9 .  22 A s i g -  
n i f i c a n t  improvement i n  t h e  p r e d i c t i o n  o f  a n n o y a n c e  c a n  r e s u l t  
from t h e  i n c l u s i o n  o f  a d d i t i o n a l  p r e d i c t o r  v a r i a b l e s ,  as d i scussed  
i n  t h e  n e x t  s e c t i o n  o f  t h i s  r e p o r t .  
5 .5  EFFECT  OF HOUSE ATTENUATION 
Both Phase I and Phase I1 q u e s t i o n n a i r e s  i n c l u d e d  q u e s t i o n s  
conce rn ing  bu i ld ing  cons t ruc t ion ,  answers  to  wh ich  were u s e d  t o  
estimate t h e  a t t e n u a t i o n  o f  a i rcraf t  n o i s e  b y  t h e  s t r u c t u r e  ac- 
c o r d i n g  t o  t h e  p r o c e d u r e s  d e s c r i b e d  i n  P a r t  C o f   the   Appendix .  A 
fundamenta l  ques t ion  i s  w h e t h e r  t h e  a c o u s t i c  a t t e n u a t i o n  o f  d w e l l -  
i n g s  r e d u c e s  t h e  e f f e c t i v e  n o i s e  e x p o s u r e  s u s t a i n e d  b y  r e s i d e n t s  
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a n d   t h e r e b y   m o d i f i e s   t h e i r   a n n o y a n c e   r e a c t i o n .  If t h i s  i s  t h e  
case, t h e n  s u b t r a c t i n g  f r o m  t h e  n o i s e  e x p o s u r e  v a r i a b l e  t h e  n o i s e  
r e d u c t i o n  (NR) of  the  bui ld ing  ( thus  comput ing  an  " indoors"  noise  
exposure )  shou ld  inc rease  the  co r re l a t ion  be tween  exposure  and  
annoyance. A c o r r e l a t i o n  a n a l y s i s  of both  Phase  I and  Phase I1 
(random sample)  da ta ,  the  resu l t s  of  which  are shown i n  T a b l e  5 . 1 0 ,  
showed t h a t  i n  f a c t  t h e  c o r r e l a t i o n  was reduced.  It may be  con-  
c l u d e d  t h a t ,  on t h e  w h o l e ,  r e s p o n d e n t s  r e a c t e d  t o  a i r c r a f t  n o i s e  
as it  would be perceived out  of d o o r s  r a t h e r  t h a n  i n d o o r s .  
Table  5 .10 - Product-Moment C o r r e l a t i o n  C o e f f i c i e n t s  
f o r  Annoyance G as P red ic t ed  by  CNR With 
and  Without  Correc t ion  for  
B u i l d i n g  A t t e n u a t i o n  
Exposure Variable 
" . 
Sample 
CNR CNR-NR 
Phase I 0.37 0 .21  
Phase I1 .25 
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6 .  MULTIVARIATE  ESTIMATION OF ANNOYANCE 
6.1 ANALYSIS  TECHNIQUES 
Previous  studies  have  shown  that  annoyance  is  related  not  only  to 
noise  exposure  but  also to attitudes  and  beliefs  such as  fear  of 
crashes  in  the  neighborhood,  feelings  about  the  considerateness 
of  airport  officials  and  pilots,  and  feelings  about  the  physical 
condition  of  people  exposed  to  aircraft  noise. 3 , 4  However,  an 
examination  has  yet  to  be  made  of  the  relationships  of  these 
things  to  annoyance  within  the  context  of  a  mathematical  model. 
To obtain  a  better  understanding  of  annoyance,  consideration  of 
its  components  is  necessary. 
Multivariate  procedures,  in  which  several  predictor  variables  are 
used  to  estimate  a  given  level  of  a  dependent  variable,  must  be 
used  for  such  an  analysis.  The  conventional  techniques of multi- 
variate  analysis  (e.g.,  analysis  of  variance,  multiple  linear 
regression,  and  discriminant  analysis)  are  not  suitable  because 
they  impose  rather  strict  requirements  (quantitatively  measured 
data,  uncorrelated  predictors,  and  linear  relationships)  upon  the 
variables  which  the  social  variables  do  not  in  general  meet.  A 
suitable  method  of  performing  this  type  of  analysis  is  Multiple 
Classification  Analysis  (MCA),  which  will  handle  situations  where 
the  predictors  are  correlated  with  each  other,  where  nonlinear 
relationships  exist,  and  where  measurement  of  the  predictor  vari- 
ables is of the  weakest  sort.  The  selection  of  a  reasonable  number 
of predictor  variables  for  the  MCA  process  was  accomplished  by 
Automatic  Interaction  Detection (AID), which  accomplishes  two im- 
portant  tasks:  (a)  it  constructs  that  chain of variables  best 
able  to  account  for  variation  in  the  dependent  variable,  and 
(b) it  shows  whether  or  not  statistical  interaction  effects  are 
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present. (MCA assumes  the  absence  of  such  effects.) MCA and 
A I D  are  discussed  more  fully  in  Sections 3.5.4 and 3.5.5. 
The  purpose  of  the  analysis  which  follows is to  develop  and 
validate  a  predictive  equation  for  annoyance.  The  following 
steps  were  involved : 
1. A predictive  equation  for  annoyance was developed 
using  Phase I survey  data. 
2. This  predictive  equation  was  used  to  compute 
predicted"  values  of  annoyance  for  the  respondents  in  the II 
Phase I1 survey. 
3 .  The  correlation  between  "predicted"  and  actual  values 
of  annoyance  for  Phase I1 respondents  was  examined. 
6.2 SELECTION OF PREDICTORS (PHASE I) 
More  than 200 characteristics  of  population  near  large  airports 
were  selected,  in  part  from  previous  research  by  others,  for 
study  in  relation  to  community  annoyance.  Survey  data  were 
obtained  by  means  of  individual  personal  interviews  according 
to  the  procedures  described  in  Section 3 . 3 .  Variables  were 
typically  constructed  from  responses  to  a  series  of  statements 
in  the  survey  questionnaire.  In  this  case  the  variable  was 
derived  by  the  method  of  summated  ratings,  i.e.,  values  were 
obtained  by  adding  an  individual's  scores  for  a  set  of  related 
statements.  Many  of  the  social  indicators  found  to  be  correlated 
with  annoyance  were  constructed  in  this  manner. 
Using  a  combination  of  exploratory  techniques  (frequencies, 
cross-tabulations,  AID,  etc.)  the  total  number  of  variables  was 
reduced  from  over 200 to  approximately 20 which  appeared 
particularly  salient. No serious  interactions  were  apparent 
among  these.  Some  results  of  the AID analysis  are  presented in 
Table 6.1, which  shows  the  behavior  of  several  important 
variables  as  annoyance  ranges  from  high  to low. In  the  case of 
I I  Fear"  a  strong  monotonic  progression  from  "very  high"  to  "below 
average"  is  displayed,  for  example.  "Miles  from  Airport,"  on 
the  other  hand,  shows  an  increase  followed  by  a  decrease;  the 
need  for  a  means  of  dealing  with  nonlinear  variables  is 
apparent.  The  upper  extreme  of  the  scale  provides  a  charac- 
terization  of  the  highly  annoyed:  they  perceive  increased  air 
traffic,  are  highly  fearful  of  aircraft  crashing,  live  within 
five  miles  of  the  airport  in Los Angeles  or  Chicago,  and  rank 
medium  to  very  high  in  noise  susceptibility. 
An  MCA  treatment  of  the  20-odd  variables  from  Phase I data 
produced  a  set  of  seven  which  best  explain  Annoyance V. These 
are : 
1. Fear  of  aircraft  crashing  in  the  neighborhood 
2 .  Susceptibility  to  noise 
3 .  Distance  from  the  airport 
4 .  Noise adaptability 
5. City  of  residence 
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Tab le  6 .1  - Results of  Aid Ana lys i s :   Popu la t ion  
Subgroups by Mean Annoyance  (Phase I) 
Pe rcep t   i on  
Mean o f   I n c r e a s e  Fear o f  Mi le s   No i se   No i s   Pe rcep t ion  P rce ived  
Annoyance i n  Air Aircraf t   f rom  Suscep-   Adapt-   of  Mis- Importance 
Group ( 0 -  15) T r a f f i c   C r a s h i n g   A i r p o r t  C i t y  t i b i l i t y   a b i l i t y   f e a s a n c e  of A i r p o r t  
Yes Very High 
Very High 
Very High 
Very High 
Above Avg 
Very High 
High 
Above Avg 
High 
High 
Above Avg 
Above Avg 
High 
Below Avg 
High 
Below Avg 
Very High 
Very High 
Above Avg 
High 
Above Avg 
Moderate 
Very High 
High 
Below Avg 
Below Avg. 
Above Avg 
High 
Above Avg 
- 
0-5 LA, C H I  Med-Very - 
High - - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
10.6 
9.9 
9 .6  
9 . 1  
9 . 0  
9 .0  
8 . 5  
8 . 5  
8 . 3  
8 . 2  
7 .9  
Yes 
Yes 
Yes 
Yes 
Y e.s 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
No 
Yes 
Yes 
Yes 
No 
Yes 
No 
Yes 
0-5 
0-5 
0-5 
6- 14 
0- 5 
0-5 
0-5 
0- 5 
6- 14 
3-4 
0-5 
0-5 
0-5 
0-5 
0-5 
0-5 
6- 14 
0-5 
5-6 
- 
- 
0-4 
0-5 - 
- 
0-4 
0- 2 
6- 14 
- 
LA, C H I  
DAL, DEN 
DAL, DEN 
- 
- 
- - 
LA, C H I  
LA 
Above Avg - 
Very High - 
Very  High - 
Low-High  Unadapt . 
Low-High - 
Above Avg - 
- - 
- - 
High 
High 11 
0 12 
13 
cn 
7.7 
7 . 6  
- - 
Very  High - 
Low-High Unadapt . 
Very  High - 
Below Avg - 
Low - 
Low-High - 
Low-High - 
Low-High - 
Low-High Unadapt. 
14 
15 
16 
17 
7.5 
7 .2  
7 . 1  
- 
DAL, DEN 
LA, C H I  
LA 
18 
19 
7 . 1  
6.9 
6.8 
6 .7  
6 .5  
6.5 
6.4 
6 . 4  
6 . 4  
6 . 3  
6 .2  
6 . 1  
6.0 
20 - 
LA - 
- 
DAL, DEN - 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
Low 
Low-High  Unadapt . 
Low-High - 
Very High - 
Above Avg - 
- 
High 
High 
- 
- Above Avg - - - 
Tab le  6 . 1  (Continued) 
Percept ion  
Mean of   Increase  Fear   of  Miles 
r 
Noise Noise  Percept ion Perceived . 
Annoyance i n  Air A i r c r a f t  from  Suscep- 'Adapt-  of Mis- Importance 
Group (0- 15)  T r a f f i c   C r a s h i n g   A i r p o r t   C i t y   t i b i l i t y  a b i l i t y   f e a s a n c e  of  Airport  
6 . 0  
5.9 
5 . 6  
5 .6  
5 .5  
5 . 4  
5 . 4  
5 . 3  
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Above Avg 
High 
Moderate 
Below Avg 
Moderate 
Above Avg. 
Below Avg 
Above Avg. 
Above Avg 
Above Avg 
Below Avg 
Below Avg 
Above Avg 
Below Avg 
Above Avg 
Below Avg 
High 
Moderate 
Below Avg 
Above Avg 
Below Avg 
Below Avg 
Below Avg 
Above Avg 
Below Avg 
Above Avg. 
Low 
Above Avg 
0- 4 
0-5 
0-5 
0- 5 - 
6- 14 - 
6- 14 
C H I  Below Avg - - High  Mod-Adapt. - Med-High - - Very  High - - Low-High . - - Low-High - - Low-High - 
- Above Avg - 
- Very  High - 
C H I ,  DAL, Low-High Low-Mod. 
DEN 
- - - 
- - - 
C H I ,  DAL, Low-High - 
DEN 
LA Low-High - 
- Med-High - 
- Low-High - 
- Low-High Mod-Adapt. - Low-High Mod-Adapt. - Low-High - 
- Med-High - - Med-High - 
- Low-High - 
LA Low-High - - Low-High - 
LA - - 
LA, C H I  Above Avg - - - - 
High - 3 1  32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
5 . 2  
5 . 0  
5 . 0  
5 .0  
4.9 
NO 
No 
Yes 
Yes 
Yes 
0- 2 
0-4 
6-  14 - 
6-14 
High 
High - 
2 42 
43 
44 
45 
46 
47 
48 
49 
50 
5 1  
52 
5 3  
54  
55  
56 
57 
58 
4.8 
4.8 
4.7 
4.7 
4.5 
4 . 4  
4 .3  
4.3 
4.2 
4 . 1  
4 . 1  
4 .0  
3 . 9  
3.5 
3 . 4  
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
Yes 
No 
No 
Yes 
No 
Yes 
Yes 
0-5 
6- 14 - 
0-5 - - 
5 -  14 
0- 5 
0-5 
0-4 
- 
- 
5 -  14 - 
6- 14 
- 
Low - C H I  , DAL, Low-High Adaptable 
DEN 
3 .4  59 Yes High 0-5 - Below Avg Mod-Adapt . 
Table 6 . 1  (Continued) 
~ ~~ ~ 
Percept   ion  
Mean of   Increase   Fear   o f  Miles Noise  Noise  Perception  P rceived 
Annoyance i n  Air A i r c r a f t  from  Suscep-Adapt- of Mis- Importance 
Group (0- 15) T r a f f i c   C r a s h i n g   A i r p o r t   C i t y   t b i l i t y   a b i l i t y   f e a s a n c e  of Ai rpor t  
~~ 
60 
6 1  
62 
63 
6 4  
65 
66 
67 
68 
wl 69 
Kl 7 0  
7 1  
7 2  
7 3  
7 4  
75 
7 6  
77 
7 8  
79  
8 0  
8 1  
82 
83  
3 . 4  
3.2 
3 .0  
2.8 
2.7 
2.7 
2 . 6  
2 . 4  
2 . 4  
2 . 2  
2.0 
2 . 0  
2 .0  
1 .9  
1.7 
1 . 3  
1 . 3  
1 . 2  
1.1 
1.0  
.9 
.7 
.7 
.4 
Yes 
No 
No 
No 
No 
No 
No 
No 
Yes 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
No 
Below Avg 
Above Avg 
Above Avg 
Below Avg 
Very High 
Above Avg 
Below Avg 
Above Avg 
Below Avg 
High 
Above Avg 
Above Avg 
Below Avg 
Below Avg 
Below Avg 
Below Avg 
Above Avg 
Below Avg 
Below Avg 
Below Avg 
Below Avg 
Below Avg 
Below Avg 
- 
6-  13 
0- 4 
3-5 
0-2 
0 - 4  
0-5 
0-4 
- 
- 
0 - 4  
7 - 1 1  
5- 14 
0-5 
0-5 
0-2 
5- 14 
- 
- 
6- 14 
0-5 
0-5 
6-  14 
- 
- 
- Med-High - Below Avg 
- Above Avg 
- Above Avg 
- - 
LA, C H I  Low-High 
- - 
DAL , LA, Below Avg 
DEN - Low - - 
LA Low-High 
LA, CHI Medium 
DAL, DEN Above Avg 
LA, CHI Medium 
DAL, C H I  , 
DEN 
. -  - 
- Above Avg 
- - - 
- Above Avg 
- Medium 
DAL, DEN Medium - Medium - Medium 
- - 
- 
High - - 
High 
Low 
High 
- 
6. Belief i n  m i s f e a s a n c e  o n  t h e  p a r t  o f  t h o s e  a b l e  t o  d o  
someth ing  about  the  noise  problem 
7 .  Extent t o  w h i c h  t h e  a i r p o r t  a n d  air t r a n s p o r t a t i o n  
are seen  as knpor t an t .  
The f irst  two  columns of Table 6.2 show t h e  i n t e r r e l a t i o n s h i p s  o f  
t hese   va r i ab le s   w i th   annoyance .  The  column l a b e l e d  "Etas" shows 
t h e  c o r r e l a t i o n  o f  e a c h  v a r i a b l e  w i t h  a n n o y a n c e  w i t h o u t  c o n s i d e r -  
i n g  t h e  e f f e c t s  o f  a n y  o t h e r  v a r i a b l e .  The "E ta"  i s  d i r e c t l y  
ana logous   t o   t he   p roduc t -moment   co r re l a t ion   coe f f i c i en t .  The 
column l a b e l e d  "Betas" shows t h e  r e l a t i o n  o f  e a c h  p r e d i c t o r  w i t h  
a n n o y a n c e ,  t a k i n g  i n t o  a c c o u n t  t h e  e f f e c t s  o f  ( o r  c o n t r o l l i n g  o n )  
a l l  o f  t h e  o t h e r  v a r i a b l e s  i n  t h e  set .  The "Beta" i s  d i r e c t l y  
a n a l o g o u s  t o  t h e  product-moment p a r t i a l - c o r r e l a t i o n  c o e f f i c i e n t .  
Succeeding columns in Table 6.2 show t h e  r e s u l t  o f  a d d i n g  e a c h  of 
the  seven  noise  exposure  measures  d iscussed  in  Chapter  5 t o  t h e  
set o f  s e v e n  s o c i a l  v a r i a b l e s .  The e x t e n t  t o  w h i c h  e a c h  p a r t i c u l a r  
se t  o f  v a r i a b l e s  i s  r e l a t e d  t o  a n n o y a n c e  is shown  by t h e  m u l t i p l e  
R a t  the   bo t tom of the  t ab le .  Th i s  measu re  i s  d i r e c t l y  a n a l o g o u s  
t o  t h e  product-moment c o e f f i c i e n t  e x c e p t  t h a t  a set  o f  v a r i a b l e s ,  
r a t h e r  t h a n  a s i n g l e  v a r i a b l e ,  i s  r e l a t e d  t o  t h e  d e p e n d e n t  var i -  
a b l e .  The  amount o f  v a r i a n c e  e x p l a i n e d  by t h i s  set  i s  given  by  the 
m u l t i p l e  R 2 .  F o r  t h e  set o f  s e v e n  s o c i a l  v a r i a b l e s  t h e  m u l t i p l e  R 
i s  0.78; t h e  amount o f  v a r i a n c e  e x p l a i n e d  b y  t h e s e  s e v e n  v a r i a b l e s  
i s  6 1  p e r c e n t .  
The re la t ive e f f e c t i v e n e s s  o f  t h e  d i f f e r e n t  n o i s e  e x p o s u r e  m e a s u r e s  
i n  p r e d i c t i n g  Annoyance V i s  shown b y  t h e  Beta v a l u e s  f o r  N o i s e  
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Var i a b  le  
F e a r  
No i se  Suscep t i -  
b i l i t y  
D i s t a n c e  
A d a p t a b i l i t y  
C i t y  
B e l i e f  i n  Mis- 
f e a s a n c e  
Importance of 
Air p o r t  
~~ ~ ~ ~ 
Noise Exposure 
M u l t i p l e  R 
M u l t i p l e  R" 
T a b l e  6 .2  - Eva lua t ion  o f  Seven  No i se  Pa rame te r s  i n  Con junc t ion  
With Seven  P red ic to r  Var i ab le s  (Phase  I) 
None 
Etas 
0 .64  
.48 
.43  
.51  
.28 
.29 
.23 
None 
Betas 
0.38 
.27  
.25 
.18 
.15 
.07 
.05 
- 
.78 
. 61  
NOISE  XPOSURE  MEASURE 
CNR N N I '  NEF D60 D75 D60 D75 
Betas Betas Betas Betas Betas Betas Betas 
~ ~ ~~ ~~ 
0.36  0.37  0.37  0.38  0.38  0.37 0.37 
.27 .27 .28 .27  .27 .27  .27 
.19 .20 . 24  .24  .23 .23  .20  
.17 .18 .18 .18 .18 .17 .18 
. 1 2  . 1 3  .13 .14 .15 .16 .14 
.06  .06  .06  .06  .07  .06 .06 
.05 .05 .05  .05 .05 .05 .05 
.16 .13 .12  .09 .08 . 1 2  . l l  
.79 .79 .79 .79 .78 .79 .79 
.63 .62 .62 .62 . 6 2  .62 .62 
Exposure. CNR r anks  h ighe r  t han  any  o the r  measu re  and  w i l l  t h e r e -  
f o r e  b e  u s e d  i n  t h e  predictive e q u a t i o n  i n  S e c t i o n  6 . 3 .  The rank  
o r d e r  o f  CNR, NNI', and NEF is t h e  same as it was i n  t h e  c o r r e l a -  
t i o n  w i t h  r a w  an.noyance s c o r e s .  The speech   i n t e r f e rence   measu res  
perform less w e l l  i n  l i n e a r  f o r m  b u t  i n  l o g a r i t h m i c  f o r m  are ap -  
proximately as e f f e c t i v e  as N N I '  and NEF. 
The e f f e c t  of adding CNR t o  the s o c i a l  variables i s  a n  i n c r e a s e  
from  0.78 t o  0 . 7 9  i n  t h e  m u l t i p l e  R and a s l i g h t  d e c r e a s e  i n  a l l  
t h e  Betas except t h a t  f o r  N o i s e  S u s c e p t i b i l i t y .  While t h e  i n c r e a s e  
i n  m u l t i p l e  R i s  n o t  l a r g e ,  t h i s  d o e s  n o t  mean tha t  Noise  Exposure  
i s  o f  l i t t l e  s i g n i f i c a n c e .   I n d e e d ,   t h e  Beta v a l u e s  i n d i c a t e  t h a t  
i t  r a n k s  i n  i m p o r t a n c e  w i t h  t h e  f o u r t h  s o c i a l  v a r i a b l e ,  A d a p t a -  
b i l i t y .  It i s  l ike ly ,   however ,   tha t   Noise   Exposure  i s  t o  some 
e x t e n t  c o r r e l a t e d  w i t h  t h e  D i s t a n c e  a n d  C i t y  v a r i a b l e s ,  t h e r e b y  
d i m i n i s h i n g  t h e  e f f e c t  on t h e  M u l t i p l e  R.  
The m a j o r  s i g n i f i c a n c e  o f  t h i s  a n a l y s i s  i s  t h a t  i n c l u s i o n  o f  t h e  
s e l e c t e d  s o c i a l  v a r i a b l e s  w i t h  t h e  n o i s e  e x p o s u r e  m e a s u r e  i n c r e a s e s  
the  measu re  o f  co r re l a t ion  f rom 0 .37  to  0 .78 .  
6 . 3  PREDICTIVE EQUATION 
I n  t h e  MCA m o d e l ,  t h e  e f f e c t s  o f  v a r i a b l e s  are summarized  by t h e  
Beta c o e f f i c i e n t s  f o r  e a c h  class o f  each  va r i ab le  inc luded  in  the  
p r e d i c t i v e  set , as shown i n  T a b l e  6 .3 .  The p r e d i c t i v e  e q u a t i o n  
e m p l o y i n g   t h e s e   c o e f f i c i e n t s  i s  p resen ted   i n   Tab le  6 . 4 .  (The d e f i -  
n i t i o n ,  r a n g e ,  a n d  d i s t r i b u t i o n  o f  s c o r e s  f o r  e a c h  s o c i a l  p r e d i c t o r  
can  be  found in  Par t  C - 1  o f  the  Appendix.)   The  accuracy  of  the MCA 
model i s  r e p r e s e n t e d  by t h e  p r o p o r t i o n  o f  v a r i a n c e  i n  Annoyance V 
which i t  e x p l a i n s .  A l i n e a r  s o l u t i o n  t o  t h e  p r e d i c t i o n  o f  Annoy- 
ance V from t h e  e i g h t  s e l e c t e d  v a r i a b l e s  e x p l a i n e d  45 percent  o f  
t h e  v a r i a n c e ;  the non l inea r  MCA model i n c r e a s e d  t h i s  t o  6 3  p e r c e n t .  
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Tab le  6.3 - V a r i a b l e s ,  Classes, and  MCA C o e f f i c i e n t s  
For P r e d i c t i o n  of Annoyance V (Phase I) 
-~ - - - - . " - - - - 
m V a r i a b l e  n Class a V a r i a b l e  n Class a ran mn 
--.__--____-__-.. 
1 Fear   o f  Crash  1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
2 Noise  Suscep- 1 
2 
3 
4 
5 
6 
7 
8 
t i b i l i t y  
3 Di s t ance  from 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
1 3  
14  
15 
Ai rpor t  
4 A d a p t a b i l i t y  1 
2 
3 
4 
5 C i t y  (Air 
T r a f f i c  
1 
Volume) 2 
3 
4 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
0-4  
5-9 
10-14 
15-19 
20-24 
25-29 
30-34 
35+ 
0.0-0.9 
1 .0-1 .9  
2 .0-2 .9  
3 .0-3 .9  
4.0-4.9 
5 .0 -5 .9  
6.0-6.9 
7 .O-7.9 
8 .0-8 .9  
9 .0-9 .9  
10.0-10.9 
11.0-11.9 
12.0-12.9 
13.0-13.9 
14.0-14.9 
0 
1 
2 
3 
Chicago 
-1.87 
-1.29 
-1.30 
-0 .61  
-0.45 
0 .53  
0.48 
1.39 
2 .13  
3 .03  
3.78 
-2.36 
-1.58 
-0.56 
0.00 
0.89 
1 .30  
1 .54  
2.27 
0 .18  
0.17 
0.26 
0 .94  
1 .29  
0 .41  
-0.20 
-0 .54  
-0 .33  
-1.30 
-0.71 
-0 .84  
0.00 
-2 .18  
-2 .41  
-0.78 
0 .78  
-0.29 
-0 .80  
0 .53  
Los Angeles  0.47 
Denver  -0.43 
Da 1 las -0.62 
6 B e l i e f   i n  1 
Misfeasance  
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13  
7 Impor tance   o f  1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
13  
14 
15 
16 
A i r p o r t  
8 CNR 1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
1 2  
0 
1-2 
3-4 
5-6 
7 -8 
9-10 
11-12 
13-  14 
15-16 
17-18 
19-20 
21-22 
23-24 
0 
1-2 
3-4 
5-6 
7-8 
9-  10 
11-12 
13-14 
15-16 
17-18 
19-20 
21-22 
23-24 
25-26 
27-28 
29-30 
0-82 
83-87 
88-92 
93-97 
98-  102 
103- 107 
108-  112 
113-117 
118-122 
123- 127 
128-132 
133+ 
0 .30  
-0.37 
-0 .14  
-0.06 
- 0 . 2 3  
-0 .23  
-0 .28  
0.00 
0 .20  
0 .07  
0 .55  
0 . 3 4  
-0 .06  
-0 .23  
0 .89  
0 . 4 3  
-0 .86  
0 . 1 3  
-0 .19  
-0.10 
0 .07  
0 .22  
0.07 
0 .25  
0 .19  
0.00 
0 . 0 1  
- 0 . 6 2  
- 0 . 4 3  
-1 .04  
-0 .82  
-0 .76  
-0 .04  
-0 .20  
-0.75 
0 . 8 6  
0 . 2 3  
0 .83  
0 .06  
0.87 
3 .73  
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Tab le  6 .4  - Genera l i zed  P red ic t ive  Equa t ion  for 
Annoyance V (Phase I) 
V = K +  amn  Xmn 
m n  
11 
= 4.89 + aIn xln 
n= 1 
15 
n= 1 
+ C a3n ~ 3 n  
4 
a x  4n 4n 
13 
n= 1 
+ a6n '6n 
16 
n= 1 
+ C a7n ~ 7 n  
12 
n= 1 
+ OL8n  '8n 
(Fear)  
( S u s c e p t i b i l i t y )  
(Dis tance)  
(Adap tab i l i t y )  
(Ci ty)  
(Misfeasance) 
(Importance) 
( C W  
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T h i s  i n d i c a t e s  t h a t  i n  l a r g e  c i t i es  o t h e r  t h a n  t h e  o n e s  s t u d i e d ,  
63  percent  of  publ ic  annoyance-can be predicted from knowledge of 
s e v e n  c h a r a c t e r i s t i c s  o f  t h e  p o p u l a t i o n  l i v i n g  w i t h i n  t h e  n o i s e  
exposure  zones  ident i f ied  by  CNR. 
The M u l t i p l e  R of .79 w a s  found t o  b e  s i g n i f i c a n t  beyond 
t h e  .001 level of   confidence.   Confidence limits are  
determined by c o n v e r s i o n   t o  z va lues .   The   s t anda rd   e r ro r  
of z i s  given by: 
1 
J N-m- 1 
where N = number o f  d a t a  u n i t s  u s e d  i n  t h e  a n a l y s i s  a n d  
m = number o f  v a r i a b l e s .  A t  t h e  95 percent   conf idence  
level t h e  c o n f i d e n c e  i n t e r v a l  i s  1.96 times t h e  s t a n d a r d  
e r r o r  o f  z .  
For a m u l t i p l e  R = .7907 ,  N = 2601 ,  and m = 8 the  con-  
f i d e n c e  i n t e r v a l  i s  e q u a l   t o  .0384.  The confidence 
limits a t  t h e  95 pe rcen t  level a re  .78 to . 8 1 .  
The s i g n i f i c a n c e  o f  a m u l t i p l e  R i s  given by the fol low- 
i n g  F - t e s t :  
Fk,N-k-l  = - - R N-k-1 
1-R2 k 
where N = t h e  number o f  d a t a  u n i t s  u s e d  i n  t h e  a n a l y s i s  
and k = t h e  number o f   a r i a b l e s   ( p r e d i c t o r s ) .  With 
N = 2601 ,  k = 8, and R3 = .62524 and F w i t h  8 and  2592 
degrees  of f r eedom equa l  t o  5 4 0 . 5 5 ,  R i s  s i g n i f i c a n t  b e -  
yond t h e  .001 level. 
Al though the  equat ion  of  Table  6 . 4  i s  impor t an t  p r imar i ly  as a 
p r e d i c t i v e  t o o l ,  a n  e x a m i n a t i o n  o f  t h e  c o e f f i c i e n t s  g i v e s  much i n -  
s i g h t   i n t o  what creates annoyance. The  most power fu l   p red ic to r  i s  
" fea r   o f   a i r c ra f t   c r a sh ing   i n   t he   ne ighborhood . "  The c o e f f i c i e n t s  
r e l a t i n g  t h i s  v a r i a b l e  t o  a n n o y a n c e  i n c r e a s e  by classes in  an  es- 
sen t i a l ly   mono ton ic   f a sh ion .  The t h i r d  v a r i a b l e ,  " n o i s e  s u s c e p t i -  
b i l i t y , "  shows a similar b u t  less pronounced pat tern.  
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I n  c o n t r a s t  t o  t h e s e  m o n o t o n i c  v a r i a b l e s ,  t h e  c o e f f i c i e n t s  f o r  
"d i s t ance  f rom the  a i rpo r t , "  "be l i e f  i n  mis feasance , "  and  ' l impor -  
t a n c e  o f  a i r p o r t "  show n o n l i n e a r  r e l a t i o n s h i p s .  Q u i t e  n o t i c e a b l e  
is  t h e  p e a k i n g  o f  t h e  p o s i t i v e  c o e f f i c i e n t s  f o r  " d i s t a n c e "  a t  f i v e  
miles from t h e  a i r p o r t  r a t h e r  t h a n  v e r y  c l o s e  t o  t h e  a i r p o r t .  A l -  
t h o u g h  t h e  r e a s o n s  f o r  t h i s  are n o t  f u l l y  u n d e r s t o o d ,  t h e  d a t a  
i n d i c a t e  t h e  e x i s t e n c e  o f  a c r i t i ca l  zone a t  t h i s  d i s t a n c e .  More 
in fo rma t ion  on "misfeasance" and "importance" would be needed t o  
e x p l a i n  t h e i r  n o n l i n e a r i t y .  
The MCA c o e f f i c i e n t s  f o r  t h e  n o i s e  e x p o s u r e  v a r i a b l e  CNR do not  
fo l low as c o n s i s t e n t  a p a t t e r n .  However, t h e  v a l u e  o f  107 CNR 
u n i t s  i s  a p o i n t  o f  d i v i s i o n  a b o v e  w h i c h  t h e  c o n t r i b u t i o n  t o  a n -  
noyance  r ema ins  cons i s t en t ly  pos i t i ve ;  be low th i s  i t  i s  n e g a t i v e ,  
and below a CNR o f  9 3  t h e  n e g a t i v e  c o n t r i b u t i o n  i s  c o n s i d e r a b l e .  
6 . 4  VALIDATION OF THE PREDICTIVE MOEEL 
The d a t a  o b t a i n e d  i n  t h e  P h a s e  11 surveys  in  Bos ton ,  M i a m i ,  and 
New York were u s e d  t o  t e s t  t h e  p r e d i c t i v e  t e c h n i q u e  j u s t  p r e s e n t e d .  
However, the  Phase  I1 q u e s t i o n n a i r e  d i d  n o t  c o n t a i n  a l l  t he  ques -  
t i o n s  r e q u i r e d  f o r  t h e  c o n s t r u c t i o n  o f  Annoyance V ,  as a r e s u l t  o f  
c i rcumstances   beyond  the   cont ro l   o f  TRACOR. The re fo re ,  i t  w a s  
n e c e s s a r y  t o  u s e  t h e  b a s i c  m e a s u r e  Annoyance G f o r  t h i s  v a l i d a t i o n  
o f   t h e   p r e d i c t i o n   p r o c e s s .  The c o e f f i c i e n t s  f o r  t h e  p r e d i c t i v e  
equa t ion  were recomputed with Phase I d a t a  u s i n g  Annoynace G as 
the   dependen t   va r i ab le .  The r e s u l t s   o f   t h i s   c o m p u t a t i o n   a n d  a 
comparison  with  Annoyance V are p r e s e n t e d  i n  T a b l e  6.5.  The 
s t r i k i n g  s i m i l a r i t y  i n  t h e  Etas and Betas i s  p robab ly  due  to  the  
f a c t  t h a t  Annoyance G i s  a component  of  Annoyance V. Half of t h e  
Beta c o e f f i c i e n t s  are i d e n t i c a l ,  a n d  t h e  o r d e r  of t h e  v a r i a b l e s  
( t h e  r e l a t i v e  s t r e n g t h  o f  e a c h  t o  p r e d i c t  a n n o y a n c e )  i s  unchanged. 
There i s  a s l i g h t  l o s s  i n  t h e  p e r c e n t  v a r i a t i o n  e x p l a i n e d  ( 6 3  
p e r c e n t   t o  57 p e r c e n t ) .   T h i s   c o m p a r i s o n   g i v e s   s u f f i c i e n t  
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c o n f i d e n c e  i n  t h e  e q u a t i o n  t o  p r o c e e d  w i t h  t h e  v e r i f i c a t i o n  
e f f o r t  u s i n g  P h a s e  I1 d a t a .  
I n  a p p l y i n g  t h e  p r e d i c t i v e  e q u a t i o n  t o  t h e  P h a s e  I1 d a t a ,  c e r t a i n  
d e c i s i o n s  were made which may have somewhat a f f e c t e d  t h e  v e r i f i c a -  
t i o n .  
Table 6.5  - Compar i son  o f  P red ic to r  Var i ab le s  fo r  Annoyance G 
and  Annoyance V (Phase I) 
Var i a b  le  
Fea r  
N o i s e  S u s c e p t i b i l i t y  
D i s t ance  
A d a p t a b i l i t y  
C i t y  
Be l i e f  i n  Mis feasance  
Importance of  Airport  
CNR 
M u l t i p l e  R 
M u l t i p l e  R2 
Annoyance V 
Etas Betas 
0 . 6 4   0 . 3 6  
.48  -27 
.43 .19 
. 51  .17 
.28  .12 
.29  .06 
.23 .05 
.48 .16 
- .79 
- .63 
- -. . . " 
~ ~ - 
Annoyance G 
Etas Betas 
0.60 0 . 3 4  
.47 .27 
.38 .17 
.46 . 17  
.26 . 1 2  
.28 .07 
.22 .05 
.43 .16 
- .75 
- .57 
. . . . - - - 
. 
The v a r i a b l e  " c i t y "  o b v i o u s l y  p r e s e n t e d  a problem since the Phase I1 
and  Phase I c i t i e s  are d i f f e r e n t .  S i n c e  it was n o t  known what ac- 
t u a l  d i f f e r e n c e s  p r o d u c e d  t h e  e f f e c t s  o f  t h e  ' ' c i t y "  v a r i a b l e ,  
c o e f f i c i e n t s  were s e l e c t e d  on an  "equiva lence"  bas i s :  New York  and 
Boston were a s s i g n e d  t h e  C h i c a g o  c o e f f i c i e n t  on t h e  b a s i s  o f  h i g h  
a i r  t r a f f i c  volume, and Miami was a s s i g n e d  t h e  Dallas c o e f f i c i e n t  
s i n c e  b o t h  are southern  and  have  re la t ive ly  modera te  a i r  t r a f f i c .  
Another problem concerns the ' lmisfeasance" and "importance" varia- 
b l e s .  These  were dichotomized  in   Phase I1 .only,  so t h a t  t h e y  are 
?" 
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no t  comparab le  wi th  the  same Phase I v a r i a b l e s  e x c e p t  i n  t h e  
ex t r eme   po r t ions   o f   t he   r ange .   Neve r the l e s s ,   t hey  were r e t a i n e d  
i n  t h e  a n a l y s i s .  
Table  6 . 6  p r e s e n t s  t h e  r e s u l t s  o f  t h e  v e r i f i c a t i o n  e f f o r t .  The 
in fo rma t ion  i n  this t a b l e  was o b t a i n e d  by u s i n g  the p r e d i c t i v e  
e q u a t i o n  d e r i v e d  from Phase I d a t a  t o  e s t i m a t e  Annoyance G f o r  
the  Phase  I1 sample,  by measuring actual Annoyance G from 
Phase I1 d a t a ,  a n d  t h e n  c o r r e l a t i n g  t h e  two measures .   This  w a s  
done f o r  random,  complainant ,   and  organizat ional   samples ,   both by 
c i t y  and  merged. Two measures   o f   a s soc ia t ion  were computed:  the 
p roduc t -moment  co r re l a t ion  coe f f i c i en t  and  the  gamma measure of 
a s s o c i a t i o n .  The l a t te r  i s  used when a "sof te r"  measure  i s  d e -  
s i r ed .   S ince   annoyance   cou ld   be   cha rac t e r i zed  as a c a t e g o r i c a l  
v a r i a b l e ,  t h i s  m e a s u r e  may be  mos t  appropr i a t e .  
The a b i l i t y  o f  t h e  p r e d i c t i v e  m o d e l  t o  e s t i m a t e  Annoyance G appears 
qu i t e   good .  The c o e f f i c i e n t  o f  0 . 7 1  f o r  the merged  random sample 
r e p r e s e n t s  a subs t an t i a l  improvemen t  ove r  t he  0 .37  v a l u e  o b t a i n e d  
us ing   no i se   exposure   a lone  as a p r e d i c t o r .  I n d e e d  t h i s  d e g r e e  o f  
c o r r e l a t i o n  i s  r a re ly  exceeded  when d e a l i n g  w i t h  a dependen t  va r i -  
a b l e  of t h e  t y p e  r e p r e s e n t e d  by annoyance. 
The t a b l e  shows t h a t  t h e  e q u a t i o n  p r e d i c t s  b e t t e r  f o r  t h e  random 
sample  than  fo r  e i the r  t he  compla inan t  o r  o rgan iza t iona l  s amples .  
S i n c e  t h e  e q u a t i o n  was der ived  f rom a random p o p u l a t i o n ,  t h i s  
might   be   expec ted .   In   the  random  sample, mean annoyance i n  New 
York was underes t imated ,  whi le  annoyance  in  M i a m i  and Boston was 
ove res t ima ted .  Annoyance f o r  a l l  complainants  was c o n s i d e r a b l y  
u n d e r e s t i m a t e d ,  f o r  o r g a n i z a t i o n a l  members o n l y  s l i g h t l y  u n d e r -  
e s t i m a t e d .  
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Table 6 . 6  - Comparison of Predicted and Actual 
Annoyance G (Phase 11) 
Sample N 
Boston Random 1166 
Miami Random 98 1 
New York Random 107 0 
Merged Random 32 17 
Miami Complaint 41 
New York  Complainant 598 
Merged Complainant 639 
Miami Organ iza t iona l  139 
Mean Product- Mean 
P red ic t ed  
Corre la t ion   Var iance  Annoyance S td .  Annoyance S td .  
Moment Percent  Actual  
G Dev . Gamma Coeff ic ien t   Expla ined  G Dev. 
2 1 . 0   8 . 8  
10.0 8 . 0  
0.67 0.61  36.7 18.8  12.8 
.71   .61   37 .1  24 .3   12 .  2 3 . 1   9 . 4  
.87 .69 47 .1 9.3   10 .7  
1 8 . 4   1 0 . 4  .79 .7 1 50.0 17 .7   13 .4  
2 3 . 3   8 . 2  
.50 .32 10.4 3 7 . 5   9 . 1   2 8 . 7   7 . 6  
.69 .41 1 6 . 4  28.7  10.6 
2 8 . 4   7 . 6  .55 .36  12.7 3 7 . 0   9 . 4  
2 1 . 6   8 . 1   . 6 1  .57 2 9 . 1  23 .3   0 .7  
7 .  STATISTICS OF ANNOYANCE AND COMPLAINT 
I n  c e r t a i n  s i t u a t i o n s ,  t h e  a b i l i t y  t o  estimate t h e  s ta te  of 
annoyance in  a g iven  popu la t ion  on  the  bas i s  o f  compla in t  behav io r  
i s  of  pract ical  v a l u e .  The d a t a  o f  t h i s  s t u d y  were t h e r e f o r e  e x -  
amined to  de t e rmine  whe the r  a s i m p l e  r u l e  f o r  t h i s  p u r p o s e  c o u l d  
b e  e s t a b l i s h e d . .  The  random samples from the  seven  c i t i e s  of 
Phase I and Phase I1 se rved  as t h e  material f o r  t h i s  i n v e s t i g a t i o n .  
Fundamental parameters f o r  t h e  s e v e n  c i t i e s  are g iven  in  Table  7 . 1 .  
I n  t h i s  t a b l e  a n d  t h e  s u b s e q u e n t  d i s c u s s i o n ,  " c o m p l a i n a n t "  d e n o t e s  
a respondent  who s a i d  t h a t  h e  h a d  a t  some time, through some 
c h a n n e l ,   r e g i s t e r e d  a c o m p l a i n t   c o n c e r n i n g   a i r c r a f t   n o i s e .  The 
"highly annoyed" are d e f i n e d  as those  r e sponden t s  s co r ing  2 1  t o  45 
on Annoyance G. 
Table 7 . 1  - Annoyance  and  Complaint S t a t i s t i c s  
f o r  Random Sample i n  Survey Areas 
' T o t a l  Number  Number * F r a c t i o n  of  
C i t y  Sample  Complainants)\  Highly-  Annoyed  Complainants 
N C H Highly Annoyed 
New York 
Boston 
Los Angeles 
Chicago 
Denver 
Da 1 las 
1 , 0 7 0  2 40 
1,166  15 6 
7 8 6  9 3  
87  2 43 
1,009  33 
923  22 
696 
5 17 
382 
29 9 
2 15 
236 
0 . 9 3  
. 8 1  
.86 
. 8 4  
.88 
.77 
M i a m i  I 67  6 1 2  148 .67 
"Note t h a t  C and H are n o t  m u t u a l l y  e x c l u s i v e  c a t e g o r i e s .  
The f i r s t  n a t u r a l  i n c l i n a t i o n  was t o  assume a simple r a t i o  between 
complainants  and the highly annoyed,  so t h a t  e a c h  known complain- 
an t  cou ld  be  sa id  t o  r e p r e s e n t  a f i x e d  number of  highly annoyed 
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r e sponden t s .  That such a r e l a t i o n s h i p  d o e s  n o t  e x i s t  w a s  a p p a r e n t ,  
however, upon examination of t h e  v a l u e s  o f  t h e  r a t i o  o f  H t o  C from 
Table 7 . 1 .  The v a l u e  o f  t h i s  r a t i o  r a n g e s  i n  a near ly   monotonic  
fashion from 2.90 for  New York t o  1 2 . 3  f o r  M i a m i .  
F u r t h e r  e x a m i n a t i o n  o f  t h e  d a t a  r e v e a l e d  t h a t  a s i m p l e  l i n e a r  re- 
l a t i o n s h i p  d o e s  e x i s t  , however,  between the number o f  h i g h l y  
annoyed households  per  thousand (h)  and the number of  complainants  
p e r  thousand  (c)  . This  i s  given  by 
h '  = 195.5 + 2.07 c .  
The c o e f f i c i e n t  o f  c o r r e l a t i o n  w i t h  a c t u a l  v a l u e s  o f  h i s  0.976. 
Tab le  7 .2  g ives  a d i r ec t  compar i son  o f  p red ic t ed  and  ac tua l  va lues .  
Table  7 .2  - P r e d i c t i o n  o f  Number of  Highly Annoyed 
Households per Thousand in  Survey  Areas 
New York 650.4 659.8 - 9 . 3  
Boston 443.4 472.4 -29 .1  
Los Angeles 486.0 440.4 45 . 6  
Chicago 342.9 297.6 45.3 
Denver 213.1 263.2 -50.1 
D a  1 las 255.9 244.8 10.8 
M i a m i  218.9 232.2 -13.3 
The r u l e  o f  e s t i m a t i o n  j u s t  g i v e n  i s  s t r i c t l y  a p p l i c a b l e  o n l y  t o  
popu la t ions  similar t o  those chosen from the sample areas as de- 
f i n e d  i n  S e c t i o n  3 . 3 . 3 ,  i . e . ,  from c e r t a i n  g e o g r a p h i c a l  p a t t e r n s  
l y i n g  b e n e a t h  p r i n c i p a l  f l i g h t  p a t h s  o f  t h e  a i r p o r t .  I n  o r d e r  t o  
per form es t imat ions  it i s  n e c e s s a r y  t o  d e t e r m i n e  t h a t  c o m p l a i n a n t s  
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l ive  wi th in  such  areas a n d  t o  e n s u r e  t h a t  c o m p l a i n a n t s  as de f ined  
e a r l i e r  are  c o u n t e d  r a t h e r  t h a n  c o m p l a i n t s ,  s i n c e  more than one 
complaint may w e l l  o r i g i n a t e  from a s ing le  compla inan t .  
I f  , for  example,  the "sample area'' popula t ion  a round a c e r t a i n  
a i r p o r t  is found t o  b e  10,000 households and 200 complainants are 
l o c a t e d  among t h e s e  , t h e  estimate of h would be 
195.5 + 2.07 x 20 = 237, 
o r  n e a r l y  o n e  q u a r t e r  o f  t h e  p o p u l a t i o n .  
G e n e r a l i z a t i o n  t o  a l a rge  popu la t ion ,  such  as t h a t  w i t h i n  a t e n -  
mile r a d i u s  o f  t h e  a i r p o r t  , i s  p e r m i s s i b l e  i f  t h e  a s s u m p t i o n  i s  
g r a n t e d  t h a t  t h o s e  g r o u p s  o u t s i d e  t h e  d e f i n e d  sample areas behave 
as do t h o s e  i n  a t  least  some o f  t h e  a c t u a l  sample areas i n  t h e  
s t u d y .  I f  so ,  t h e n  t h e  e f f e c t s  o f  all groups are a d d i t i v e  a n d  t h e  
est imat ion  can  be  performed as above. It is  of   course   necessary  
t h a t  no e x t e r n a l  i n f l u e n c e s  s u c h  as news p u b l i c i t y ,  d e m o n s t r a t i o n s ,  
o r  t h e  l i k e  are active i n  t h e  area. 
The l i n e a r  e x p r e s s i o n  f o r  h '  s h o u l d  b e  r e s t r i c t e d  i n  u s e  t o  a r ange  
of  complainants  p e r  t h o u s a n d  c o r r e s p o n d i n g  t o  t h a t  i n  Tab l e  7 .1 
-about 18 t o  240"inasmuch as no v a l i d a t i o n  exists beyond these 
limits. 
The l i n e a r  e q u a t i o n  i s  most l i ke ly  an  approx ima t ion -a l though  qu i t e  
a good  one-to a more  complex f u n c t i o n .  It s p e c i f i e s  a t h r e s h o l d  
v a l u e  o f  195 highly annoyed p e r  thousand,  a f te r  which  compla inants  
emerge a t  a f i x e d  ra te  of   one  per   every  2 .07  highly  annoyed.  A 
more p l a u s i b l e  g e n e r a l  r e l a t i o n  i s  of  the form 
H = P(l-e'aC) 
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where P i s  t h e  t o t a l  p o p u l a t i o n .  I n  t h i s  case, zero   compla inants  
correspond t o  z e r o  h i g h l y  a n n o y e d ,  a n d  t h e  r a t i o  of complainants  
t o  h i g h l y  a n n o y e d  i n c r e a s e s  as t h e  p e r c e n t a g e  of e i t h e r .  I n  t h e  
asymptot ic  case, n e a r l y  t h e  e n t i r e  p o p u l a t i o n  i s  highly annoyed 
a n d  p r a c t i c a l l y  a l l  of t h i s  g r o u p  are complainants .  I t  is per-  
h a p s  j u s t  as w e l l  tha t  no  popula t ion  surveyed  had  approached  th is  
p o i n t  c l o s e l y  e n o u g h  t o  t es t  the  hypothe t ica l  mathemat ica l  model  
d e s c r i b e d  h e r e .  
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8.  MULTIVARIATE  STIMATION OF COMPLAINT 
In  Chap te r  6 a n o n l i n e a r  p r e d i c t i o n  e q u a t i o n  was developed and 
t e s t e d  f o r  e s t i m a t i o n  of annoyance  due t o  aircraft  n o i s e .  I n  t h e  
p r e s e n t  c h a p t e r  a similar approach i s  u s e d  t o  p r e d i c t  c o m p l a i n t  
behav io r  on t h e  basis o f  n o i s e  e x p o s u r e  i n  c o m b i n a t i o n  w i t h  s o c i a l  
var i a b  les . 
8 .1  ANALYSIS  TECHNIQUES 
The ana lys i s  o f  compla in t  behav io r  w a s  conducted  in  two phases .  
F i r s t ,  a l a r g e  number o f  var iables  were s e l e c t e d  as p o s s i b l y  re- 
l a t e d  t o  c o m p l a i n t ,  p a r t l y  o n  t h e  basis  of r e f e r e n c e s  t o  p r e v i o u s  
l i t e r a t u r e   a n d   p a r t l y   b y   l o g i c a l   i n f e r e n c e .  A s t a t i s t i ca l  t ech -  
n ique  known as s t e p - w i s e  m u l t i p l e  r e g r e s s i o n  was t h e n  a p p l i e d  as 
a s c r e e n i n g   o p e r a t i o n .   T h i s   p r e l i m i n a r y   a n a l y s i s   r e d u c e d   t h e  
r a t h e r  l a r g e  o r i g i n a l  number o f  v a r i a b l e s  t o  a manageable number, 
approximate ly  50. The m u l t i p l e   r e g r e s s i o n   t e c h n i q u e   a l s o   i n d i c a t e d  
t h e  r e l a t ive  importance of  a number o f  t h e s e  50 v a r i a b l e s .  
Second, a M u l t i p l e  C l a s s i f i c a t i o n  A n a l y s i s  w a s  conducted on the 
most i m p o r t a n t   o f   t h i s  se t  o f   f i f t y   v a r i a b l e s .  However,  almost 
e v e r y  v a r i a b l e  i n  t h e  se t  w a s  examined a t  some p o i n t  i n  t h e  
a n a l y s i s   t o   d e t e r m i n e  i t s  effect  on  complaint.  Those  which  had 
p r a c t i c a l l y  no e f f e c t  were dropped and w i l l  n o t  b e  d i s c u s s e d .  
Some va r i ab le s  wh ich  were i m p o r t a n t  i n  t h e  p r e d i c t i o n  o f  a n n o y a n c e ,  
b u t  w h i c h  d i d  n o t  c o n t r i b u t e  t o  t h e  p r e d i c t i o n  o f  c o m p l a i n t ,  w i l l  
be  d i scussed  a t  t h e  c o n c l u s i o n  o f  t h i s  s e c t i o n .  
Most o f  t h e  random  sample  from  Phase I1 w a s  u s e d  i n  t h i s  a n a l y s i s .  
S ince  a p r e l i m i n a r y  a n a l y s i s  o f  t h e  Miami sample  showed t h a t  t h e  
por t ion  f rom around the  Opa Locka a i r p o r t  w a s  a t y p i c a l  i n  r e s p o n s e s  , 
t h a t  p o r t i o n  w a s  exc luded .   The   na tu re   o f   t he   no i se   exposure   a round  
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Opa Locka (heavy t r a f f i c  b u t  v e r y  small aircraft) w a s  a p p a r e n t l y  
a f f e c t i n g  r e s p o n s e s .  The e n t i r e  random  samples i n  Boston  and New 
York were used.  The d a t a  from a t o t a l  o f  2,912 respondents  were 
a v a i l a b l e  f o r  a n a l y s i s .  
Out o f  t h i s  random sample,  1,044 r e sponden t s  vo lun ta r i ly  men t ioned  
a i r c r a f t  n o i s e  as t h e  most d i s l i k e d  t h i n g  i n  t h e  n e i g h b o r h o o d .  
From th i s  g roup ,  approx ima te ly  900 respondents provided enough 
d a t a  f o r  a comple t e  ana lys i s .  
8 . 2  SELECTION  OF  PREDICTORS 
The  dependent  var iab le ,  compla in t ,  w a s  measured by allowing the 
r e s p o n d e n t s  t o  i n d i c a t e  t h a t  t h e y  h a d  p a r t i c i p a t e d  i n  a n y  o f  s e v e n  
forms  of  complaint.  These were t e l e p h o n i n g  o r  w r i t i n g  a n  o f f i c i a l ,  
s i g n i n g  a p e t i t i o n ,  v i s i t i n g  a n  o f f i c i a l ,  a t t e n d i n g  a meet ing,  
h e l p i n g  set up a commi t t ee ,  wr i t i ng  a ' ' letter t o  the edi tor , ' '  and  
f i l i n g  a s u i t .  D i s c u s s i n g  aircraft  n o i s e  w i t h  someone, o r i g i n a l l y  
inc luded  as a form of complaint,  w a s  n o t  u t i l i z e d  i n  t h i s  v a r i a b l e .  
Discussion i s  a more gene ra l i zed  fo rm o f  behav io ra l  r e sponse  and  
i s  c o n c e p t u a l l y  d i s t i n c t  from t h e  o t h e r  items i n  t h e  l i s t  above. 
The set o f  s e v e n t e e n  b e s t  p r e d i c t o r s  o f  c o m p l a i n t ,  as de r ived  by 
t h e  MCA p rocess ,  are l i s t e d  i n  g e n e r a l  o r d e r  o f  i m p o r t a n c e  i n  
Tab le   8 .1 .   Compar i son   w i th   t he   annoyance   p red ic to r s   l i s t ed   i n  ' 
Table 6 . 2  shows t h a t  t h e  r e s u l t s  o f  t h e  two ana lyses  have  very  
l i t t l e  i n  common. While r a t h e r  good predic t ion   of   annoyance  was 
a f fo rded  by  e igh t  va r i ab le s ,  s even teen  va r i ab le s  p roduce  on ly  
f a i r - t o - p o o r   r e s u l t s   f o r   c o m p l a i n t .   N o i s e   e x p o s u r e  (CNR) i s  t h e  
h ighes t  r anked  compla in t  p red ic to r ,  wh i l e  it occupies  a middle 
p o s i t i o n  among the   annoyance   p red ic to r s .   A l so ,   wh i l e   t he  l a t te r  
v a r i a b l e s  were e x c l u s i v e l y  p h y s i c a l  o r  p s y c h o l o g i c a l  ( a t t i t u d i n a l )  
d e s c r i p t o r s ,  t h e  p r e d i c t o r  v a r i a b l e s  f o r  c o m p l a i n t ,  w h i l e  i n c l u d i n g  
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some of these, also i n c l u d e  several basic s o c i o l o g i c a l  m e a s u r e s .  
( A l l  variables n o t  p r e v i o u s l y  u s e d  are d e f i n e d  i n  P a r t  C-2 of 
t h e  Appendix. ) 
Table 8.1 - Best P r e d i c t o r s  of Complaint-- 
Random Sample  (Phase 11) 
. " .  . ~ 
~~ 
~ 
V a r  iab le Etas Betas 
CNR 0.299 0.180 
Pol lu t ion  annoyance  
Disturbance of  weekend hours  
.269 .113 Discuss ion  of n o i s e  
.261 .120 Disturbance of weekday hour s  
.357  .152 
.140 .110 E t h n i c i t y  
. l o8  .113 M o b i l i t y  
.276 .113 
Size  of  household  .182  .099 
Occupat ion .116  .092 
Organizat ional   involvement   .197  .086 
Misfeasance  .2  18 .084 
Fea r  .265  .077 
V i s i t a t i o n  .121  .065 
Age .134  .062 
Rent/House cost  
.200  .037  Learned t o  l ive  w i t h  n o i s e  
.123 .037 Distance from airport  
.123  .06 1 
M u l t i p l e  R 
M u l t i p l e  R2 
- 0 . 5 2  
- 0.27 
The s o c i a l  n a t u r e  o f  c o m p l a i n t  i s  i l l u s t r a t e d  b y  t h e  number o f  
s o c i o l o g i c a l  v a r i a b l e s  i n  t h e  p r e d i c t o r  s e t .  Out of t h e  17 pre-  
d i c t o r s ,  s i x  are "background1 '   va r i ab le s   (Mobi l i t y ,   E thn ic i ty ,   S i ze  
of household,  Occupat ion,  Age, a n d  R e n t / h o u s e  c o s t ) ,  a n d  t h r e e  are  
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I1  i n t e r a c t i o n "   v a r i a b l e s   ( D i s c u s s i o n ,   O r g a n i z a t i o n a l   i n v o l v e m e n t  , 
a n d  V i s i t a t i o n ) .  The r e l a t i v e l y  m i n o r  i m p o r t a n c e  o f  a t t i t u d i n a l  
components i s  a l so   obv ious .   On ly   fou r   va r i ab le s   (Po l lu t ion  
annoyance ,  Fear ,  Misfeasance ,  and  Learned  to  l ive  wi th  no i se )  are 
i n c l u d e d   i n  the p r e d i c t o r  set .  Such items as Impor tance   o f   the  
Ai rpo r t  and  No i se  Suscep t ib i l i t y ,  wh ich  were i m p o r t a n t  i n  t h e  p r e -  
d i c t ion  o f  annoyance ,  were found t o  b e  n o t  r e l e v a n t  t o  c o m p l a i n t .  
I t  may be  conc luded  tha t  f ac to r s  i nvo lved  in  the  compla in t  
p r o c e s s  d i f f e r  s u b s t a n t i a l l y  f r o m  t h o s e  i n  t h e  a n n o y a n c e  p r o c e s s .  
Fu r the rmore ,  t he re  i s  obvious ly  much more y e t  t o  b e  l e a r n e d  a b o u t  
c o m p l a i n t ,  i n  view o f  t h e  r e l a t i v e l y  low M u l t i p l e  R2  v a l u e .  F u t u r e  
research might  w e l l  c o n s i d e r  f a c t o r s  f o r  w h i c h  d a t a  were n o t  a v a i l -  
a b l e  i n  t h e  p r e s e n t  s t u d y ,  s u c h  as p rec ip i t a t ing  even t s ,  deve lopmen t  
o f  h a b i t u a l  c o m p l a i n t  p a t t e r n s ,  a n d  e f f e c t  o f  f a m i l y  s t r u c t u r e  a n d  
l i f e  s t y l e .  
8 . 3  PREDICTIVE EQUATION FOR COMPLAINT 
A genera l ized  compla in t  equat ion ,  similar to  the  annoyance  equa t ion  
of  Chapter 6 ,  c a n   b e   w r i t t e n .  The c o e f f i c i e n t s  f o r  t h i s  e q u a t i o n  
are g i v e n  i n  T a b l e  8 . 2  a n d  t h e  e q u a t i o n  i t s e l f ,  i n  T a b l e  8 . 3 .  The 
s t r o n g  m o n o t o n i c  p r o g r e s s i o n s  o b s e r v e d  i n  t h e  c a t e g o r y  c o e f f i c i e n t s  
for  annoyance  predic t ion  are n o t  g e n e r a l l y  p r e s e n t  h e r e ,  a l t h o u g h  
it appears f o r  t h e  f i r s t  l i s t e d  v a r i a b l e s .  The most  powerful p r e -  
d i c t o r ,  CNR, has  a c r i t i c a l  p o i n t  o f  a b o u t  115 un i t s ,  above  and  
below which i t s  c o n t r i b u t i o n  t o  c o m p l a i n t  i s  r e s p e c t i v e l y  p o s i t i v e  
and   nega t ive .  The nex t ,   Po l lu t ion   annoyance ,  i s  an  important  new 
var iab le .   This   p red ic tor   measures   the   respondent ' s   annoyance   f rom 
smoke,  fumes, o i l   d r o p o u t ,   a n d   l a n d i n g   l i g h t s .   A l t h o u g h   t h e  l a t te r  
item i s  n o t  s t r i c t l y  a p o l l u t i o n  e l e m e n t ,  what t he  r e sponden t  seems 
t o  b e  r e a c t i n g  t o  m a i n l y  i s  t h e  e l e m e n t  o f  p o l l u t i o n  from a i r c r a f t .  
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T a b l e  8 . 2  - V a r i a b l e s ,  C l a s s e s ,  a n d  MCA C o e f f i c i e n t s  f o r  C o m p l a i n t s  
(Phase 11) 
~~~ .~ 
I 
m V a r i a b l e  
1 CNR 
2   P o l l u t i o n  
Annoyance 
3   Dis turbance  
of  Weekday 
Hours 
4   Dis turbance  
Hours 
o f  Weekend 
5 Discussion 
of Noise 
6 Mobi l i t y  
7 E t h n i c i t y  
0 S i z e  of  
Household 
9  Organiza- 
Involvement 
t iona 1 
- ." ~ 
n 
1 
2 
3 
4 
5 
~ 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
1 
2 
3 
1 
2 
3 
1 
2 
3 
4 
5 
6 
1 
2 
C las s  4nn m V a r i a b l e  
0-99  -0.217  10  Occupation
100-109 -0.131 
110-119 0.013 
120-  129 0 .101  
g r e a t e r  
130 o r  
0.062 
None -0.066 
L O W  -0.025 
Medium 0 .081  
High 0.135 
None 
Low -0.076 
Medium-Low 0.026 
Medium-high 0 .161  
High 
11 Fea r  
-0*019 12  Misfeasance 
None -0.047 
Low -0 ,018  
Medium-  low -0.046 13 Age 
Medium-high 0 .071  
High 0.082 
Low -0.083 
Medium -0.039 
High 0.047 
1 4   V i s i t a t i o n  
None 0.050 
Low -0.063 
High  0.026 
Anglo 
Negro 
Other 
1 
2 
3 
4 
5 
6 o r  more 
None 
Any 
15 Rent/House 
0.010 c o s t  
0 .035 
-0.291 
-0.125  16  Distance 
-0.049 
-0.030 
Ai rpor t  
from 
0.069 
0.061 
0.054 
17 Learned t o  
L ive  wi th  
Noise -0.047 
0.038 
n Class %n 
0 0 -0.020 
1 1 0.245 
2  2 0.118 
3 3 -0 .061 
4  4 -0.007 
5  5 -0 .011 
6  6 -0.070 
7  7 0 .041 
8 8 0.073 
9  9 -0.006 
10  10 -0.035 
1 Low -0.043 
2 Medium -0.049 
3  High 0.030 
1 Low -0.712 
2 Medium 0.033 
3  High 0 .124  
1 Not given 0.019 
2 29 or l e s s  -0 .079 
3 30 - 39 0.005 
4 40 - 49 0 .014  
5 50 - 59  0.001 
6 60 or over   -0 .003 
1 Low -0 .050 
2 Medium -0.026 
3 High -0 .033  
1 Below  $125 -0.037 
2 $125 - 274 0.027 
3 $275 or 
g r e a t e r  0.001 
i 0 - 3  Miles   0 .013 
2 4 - 6  Miles  -0.016 
3 7 - 9  Miles  0.029 
4  10  Miles or 
g r e a t e r   - 0 . 0 9 2  
1 No 0.022 
2 Yes -0.015 
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T a b l e  8 . 3  - Genera l i zed  P red ic t ive  Equa t ion  fo r  Compla in t  (Phase  11) 
." 
+ 5 a13n X13n 
n- 1 
+ '1411 X14n 
n- 1 
+ 2 '15n X15n 
n- 1 
+z "17n X17n 
n= 1 
( C W  
(Po 1 lut   ion  Annoyance)  
(Di s t rubance  of Weekday Hours) 
(D i s t rubance  of Weekend Hours) 
(Discussion of  Noise)  
(Mobil i ty)  
( E t h n i c i t y )  
(Size of Household) 
(Organiza t iona l  Involvement )  
(Occupation) 
(Fea r )  
(Misfeasance) 
(Age) 
( V i s i t a t i o n )  
(Rent/House Cost) 
(Dis tance  f rom Airpor t )  
(Learned t o  L i v e  With Noise) 
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C u r v i l i n e a r  b e h a v i o r  e x i s t s  f o r  some va r i ab le s .   Fo r   example ,   t he  
e f f e c t  o f  a g e  o n  c o m p l a i n t  a t t a i n s  a s l i g h t  maximum f o r  t h e  40-49 
yea r   ca t egory .  Two p e a k s   o c c u r   i n   t h e   o c c u p a t i o n a l   v a r i a b l e ,   o n e  
ju s t  above  the  lowes t  ca t egory  and  the  o the r  j u s t  be low the  h igh -  
es t .  F o r   t h e  most p a r t ,  however ,   t he   pa t t e rns  of t h e  c o e f f i c i e n t s  
are n o t  m e a n i n g f u l l y  c o n s i s t e n t ,  r e f l e c t i n g  t h e  weak c o r r e l a t i o n s  
o f  most v a r i a b l e s  w i t h  c o m p l a i n t .  
The c h a r a c t e r i s t i c s  o f  a h y p o t h e t i c a l  i n d i v i d u a l  most prone t o  
r e g i s t e r  a c o m p l a i n t ,  o n  t h e  b a s i s  o f  t h e  p r e d i c t i v e  e q u a t i o n ,  
are : 
S u b j e c t  t o  CNR of  120-129 
Highly  annoyed  by  smoke,  fumes,  landing  l ights,  e tc .  
Modera te - to-h ighly  d is turbed  by aircraf t  n o i s e  
Visits w i t h  o t h e r s ,  d i s c u s s e s  n o i s e ,  i s  a member of  an  
o r g a n i z a t i o n  
High on f e a r  o f  c r a s h ,  m i s f e a s a n c e  
Age 40-49 y e a r s  
Lives 7-9 miles from a i r p o r t  i n  h o u s e h o l d  o f  a t  least 
4 persons 
Very  low o c c u p a t i o n a l  s t a t u s  
Middle  range of  housing cost  
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9 .  CAUSAL MODELS FOR RESPONSE TO AIRCRAFT NOISE 
I n  a n o t h e r  s t u d y 2 3  p u b l i c  r e s p o n s e  t o  s o n i c  boom w a s  i n v e s t i g a t e d  
i n  terms o f  a c a u s a l  m o d e l .  T h e  r e s u l t s  s u g g e s t e d  t h a t  r e s p o n s e  
t o  t h e  boom was dependent upon the development of  a n  a t t i t u d e  
c o n c e r n i n g   t h i s   s t i m u l u s .   I n   t h e   i n f e r r e d   s e q u e n c e   o f   e v e n t s ,  
a t t i t ude  deve lopmen t  fo l lowed  hea r ing  the  boom and preceded dis-  
t u rbance  o f  ac t iv i t i e s  by t h e  boom, a n d  t h e  d e g r e e  of d i s t u r b a n c e  
was i n  a c c o r d a n c e  w i t h  t h e  i n t e n s i t y  o f  a n e g a t i v e  a t t i t u d e  d e -  
ve loped  conce rn ing  the  son ic  boom. 
A p e r t i n e n t  q u e s t i o n  i s  w h e t h e r  r e s p o n s e  t o  s u b s o n i c  a i r c r a f t  
n o i s e   f o l l o w s   t h e  same p a t t e r n .  An empirical  answer t o  t h i s   q u e s -  
t i o n  may b e  d e r i v e d  f r o m  t h e  d a t a  o f  t h i s  s t u d y .  
9 . 1  VARIABLES AND NOTATION 
F o u r   v a r i a b l e s  a re  i n v e s t i g a t e d   i n   t h e   f o l l o w i n g   a n a l y s i s .   T h e s e  
are  : 
V 1  - Adjec t ive   Index   Score  (0-3) 
V 2  - H e a r i n g   A i r c r a f t  (0-1) 
V 3  - Number of Act ivi t ies  Di s tu rbed  ( 0 - 9 )  
V 4  - Annoyance G ( 0 - 4 5 )  
The da ta  used  were obtained  from  632 Miami re sponden t s .  A t  an  
e a r l y  p o i n t  i n  t h e  i n t e r v i e w ,  e a c h  w a s  a s k e d  t o  d e s c r i b e  h i s  re- 
a c t i o n  t o  a i r c r a f t  n o i s e ' u s i n g  up t o  t h r e e  a d j e c t i v e s  c h o s e n  from 
a l i s t .  Each a d j e c t i v e  w a s  l a t e r  c a t e g o r i z e d  as p o s i t i v e ,   n e u t r a l ,  
o r  n e g a t i v e .  A s  i n  t h e  s o n i c  boom s t u d y ,  e a c h  n e g a t i v e  a d j e c t i v e  
was a s s igned  a s c o r e  o f  o n e ,  so t h a t  t h e  r a n g e  of t h e  a d j e c t i v e  
index  sco re  i s  z e r o  t o  t h r e e .  
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The v a r i a b l e  H e a r i n g  A i r c r a f t  h a s  o n l y  two va lues ,  cor responding  
t o  "yes' '  and  "no." The Number o f  Act ivi t ies  D i s t u r b e d  v a r i a b l e  
i s  based upon a l i s t  and  r anges  f rom ze ro  to  n ine .  Annoyance G 
i s  as desc r ibed  in  Chap te r  5 .  
The zero-order  cor re la t ion  be tween two v a r i a b l e s  VA and VB w i l l  b e  
w r i t t e n  r A , B .  Thus t h e  n o t a t i o n  r A , B  r g , c  means " t h e  c o r r e l a t i o n  
between VA and VB times t h e  c o r r e l a t i o n  b e t w e e n  VB and VC." The 
pa r t i a l  c o r r e l a t i o n  c o e f f i c i e n t  rAYB.c,-, means, however, "The c o r -  
r e l a t ion  be tween  VA and VB,  c o n t r o l l i n g  on Vc and V D . ' I  
9 . 2  METHOD OF ANALYSIS 
The procedure employed w a s  t o  c o n s t r u c t  t h r e e  r e a s o n a b l e  m o d e l s  
u s i n g  t h e  f o u r  a b o v e  v a r i a b l e s  a n d  t o  tes t  t h e  re la t ive  v a l i d i t y  
of  these  models.  For  example i f  f o u r  v a r i a b l e s  are r e l a t e d  i n  t h e  
sequence V A - C V B - V ~ - C V ~ ,  t h e n  t h e  f o l l o w i n g  e q u a t i o n s  h o l d :  
r B , D  - 'B,C 'C,D r = o  B ,D.  C 
r A , C  = rA,F 'B,C r = o  A , C . B  
r = o  A,D.  B ,C 
These  equa t ions  r ep resen t  r e l a t ionsh ips  imp l i ed  in  the  above  
sequence  and  the  e r ro r  ob ta ined  us ing  ac tua l  da t a  i s  i n d i c a t i v e  
o f  ( a )  t h e  e x t e n t  t o  w h i c h  t h e  r e l a t i o n s h i p s  do not  ob ta in  and  
(b)  measurement  inaccuracies.  
I la 
The t h r e e  m o d e l s  t o  b e  t e s t e d  are shown i n  F i g u r e  9 . 1 .  Model I 
i m p l i e s  t h a t  a n e g a t i v e  a t t i t u d e  d e v e l o p s  f r o m  h e a r i n g  a i r c r a f t ,  
which a t t i t u d e  i n  t u r n  a f f e c t s  d i s t u r b a n c e  o f  a c t i v i t i e s ,  w h i c h  
then   a f f ec t s   t he   deg ree   o f   annoyance .  The o t h e r  two  models are 
75 
HEARS 
AIRCRAFT 
v2 INTERCORRELATIONS 
NO. OF 
ACTIVITIES 
DISTURBED 
MODEL  I v2 
\ 
v4- 
ANNOYANCE 
v3 - VI 
\ 
v4 
MODEL  I1 
ADJECTIVE 
INDEX 
SCORE 
v2 
/ 
v3 - v1 
MODEL 111 
v3 
v4 
/ 
v4 
FIG. 9.1 - INTERCORRELATIONS  AND  HYPOTHESIZED  MODELS 
(Phase 11, Miami Data) . 
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s i m i l a r l y  i n t e r p r e t a b l e .  Model I i s  similar t o  t h e  p r e f e r r e d  
model f o r  s o n i c  boom response .  
9 . 3  RESULTS 
The r e s u l t s  o f  t h e  c o r r e l a t i o n  a n a l y s i s  are g iven  in  Tab le  9 . 1 ,  
which presents  a compar i son  be tween  theo re t i ca l  and  ac tua l  va lues  
computed  from the   normal   equa t ions   for   each   model .  It i s  r e a d i l y  
a p p a r e n t  t h a t  t h e  o n l y  model f o r  w h i c h  t h e  e q u a t i o n s  are s a t i s f i e d  
wi th in  r easonab le  limits is  Model 111. 
It may be concluded tha t  , w i t h i n  the con tex t  o f  the  f o u r  v a r i a b l e s  
d i scussed ,  r e sponse  to  subson ic  a i rcraf t  n o i s e  i s  fundamental ly  
d i f f e r e n t  f r o m  r e s p o n s e  t o  s o n i c  boom. This d i f f e r e n c e  may be  re- 
l a t e d  t o  t h e  n a t u r e  o f  t h e  s t i m u l u s ,  b e i n g  i n  o n e  c a s e  u n e x p e c t e d  
a n d  v e r y  b r i e f  a n d  i n  t h e  o t h e r  r i s i n g  a n d  f a l l i n g  o v e r  a rela- 
t i v e l y   l o n g   p e r i o d   o f  time. The la t te r  time p a t t e r n  i s  conducive 
upon f r e q u e n t  r e p e t i t i o n ,  t o  a s low and thoughtful  development  of 
a t t i t u d e s  c o n c e r n i n g  t h e  s o u r c e  o f  n o i s e .  The sha rp   c r ack   o f  
s o n i c  boom does not  provide a c u e  o r  a l l o w  time for  emot iona l '  re- 
s p o n s e  o t h e r  t h a n  t h a t  r e s u l t i n g  from p r i o r  c o n d i t i o n i n g .  
The s e q u e n t i a l  r e l a t i o n s h i p  o f  Model 111, proceeding from hearing 
a i r c r a f t  t o  d i s t u r b a n c e  o f  a c t i v i t i e s ,  thence to  annoyance,  and 
c u l m i n a t i n g  i n  t h e  f o r m a t i o n  o f  a n e g a t i v e  a t t i t u d e  a b o u t  a i r c r a f t  
n o i s e ,  i s  suppor ted  by t h e  d a t a .  This hypo the t i ca l   s equence  may 
b e  i n f e r r e d  from t h e  r e s u l t s  i n  T a b l e  9 . 1 ,  bu t  a c a u s a l  r e l a t i o n -  
sh ip  canno t  be  r igo rous ly  p roven  us ing  da ta  o f  t h e  k i n d  a v a i l a b l e  
i n  t h i s  s t u d y .  T h u s  it i s  c o n c e i v a b l e  t h a t  Model 111 could   be   suc-  
ceeded by a b e t t e r ,  more precise mode l ,  g iven  add i t iona l  i n fo rma t ion .  
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Table  9 .1  - Eva lua t ion  of Models - 
Mode 1 
- 
I 
I1 
I11 
Hypothes i zed  Re la t ionsh ips  
A B 
r1,4 = =1,3 r 3 , 4  
r - 1 , 4 . 3  - 0 
‘2,3 2 , l  r 1 , 3  
0 
= r  
r - 2 , 3 . 1  - 
‘2,4 = ‘ 2 , l  r 1 , 3  ‘3,4 
r 2 , 4 . 1 , 3  = 0 
r 3 , 4  = r  3 , l  r 1 , 4  
0 r -  3 , 4 . 1  
r 2 , 1  = r  2,3  ‘3 , l  
0 r - - 2 , 1 . 3  
‘2,4 2 , 3  r 3 , 1  ‘1,4 
2 , 4 . 3 , 1  - 
= r  
r - 0 
r = r  
3Y1 3 ,4  ‘4 , l  
3 ,1 .4  - 0 r 
- 
‘2,4 = ‘2,3  ‘ ,4 
r - 2 , 4 . 3  - 
2 , 1  2 , 3  ‘3,4 ‘4,l 
2 ,1 .3 ,4  - 
0 
r = I :  
r - 0 
Actual  Values 
A B 
0.46 0.41 
.15 0 
.16  . O l  
. 1.7 0 
.13 . 01  
- ~ 
- .06 0 
0 .94  0.20 
.92 0 
.02 .07 
- .06 0 
.13   ,03  
- .06 0 
0.44  0 .43  
.03  0 
.13 .15 
- .07 0 
.02 .07  
- .05 0 
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10. CONCLUSIONS 
The fo l lowing  conc lus ions  may be  de r ived  from the  p reced ing  
c h a p t e r s  : 
1. Simple  weighted  sound  pressure level v a l u e s  (dBA and dBN) 
p rov ide  adequa te  approx ima t ions  to  more complex measures for the 
purpose of de te rmining  community noise  exposure .  
On t h e  b a s i s  o f  t h o u s a n d s  o f  f l y o v e r  r e c o r d s  o b t a i n e d  
i n  many d i f f e r e n t  community areas, comparisons were made 
of  . a l l  t ypes  o f  no i se  parameters, l e a d i n g  t o  t h i s  r e s u l t .  
C o r r e c t i o n s  f o r  e s t i m a t i n g  v a l u e s  o f  o n e  parameter, given 
those  o f  ano the r ,  are g i v e n  i n  T a b l e  5 .1 .  
2 .  A s  measures   o f   a i rc raf t   no ise   exposure   in   communi t ies ,  
the Composi te  Noise Rat ing (CNR) , Noise and Number Index (NNI' , 
as d e f i n e d  i n  t h i s  r e p o r t ) ,  a n d  N o i s e  E x p o s u r e  F o r e c a s t  (NEF) are  
p r a c t i c a l l y  i n t e r c h a n g e a b l e ,  a l t h o u g h  CNR i s  s l i g h t l y  s u p e r i o r  
fo r  p red ic t ing  annoyance .  
The three  measures  C N R ,  N N I ' ,  and NEF were h i g h l y  
i n t e r c o r r e l a t e d  i n  t h e  areas s u r v e y e d  i n  t h i s  s t u d y ,  
p a r t i c u l a r l y  i n  t h e  r a n g e  e x p e c t e d  t o  b e  a n n o y i n g .  
The approximations 
CNR = NEF + 7 2  
CNR = NNI' + 56  
can   be   app l i ed .  CNR w a s  a s l i g h t l y  b e t t e r  p r e d i c t o r  
of  annoyance  than  the  o ther  two measures both on a 
s i m p l e  l inear  c o r r e l a t i o n  b a s i s  a n d  f o r  a non l inea r  
M u l t i p l e  C l a s s i f i c a t i o n  A n a l y s i s  (MCA) model u t i l i z -  
i n g  s o c i a l  p r e d i c t o r s  as w e l l  as noise  exposure .  
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3 .  I n s t a l l a t i o n s  f o r  community m o n i t o r i n g  o f  a i r c r a f t  n o i s e  
exposure  can  u t i l i ze  we igh ted  sound  p res su re  level  measurement 
and  shou ld  be  des igned  to  ob ta in  adequa te  samples  o f  bo th  f lyove r  
no i se  and  ambien t  no i se .  
Al though moni tor ing  ins t rumenta t ion  requi rements  depend 
upon t h e  p u r p o s e  o f  t h e  i n s t a l l a t i o n ,  t h e  b a s i c  e l e m e n t s  
i n c l u d e  a weatherproof  microphone ,  ampl i f ie rs  and  weight -  
i n g  f i l t e r s ,  a de t ec to r  sys t em wi th  rms o r  quas i - rms  
c h a r a c t e r i s t i c ,  a n d  a p p r o p r i a t e  r e a d - o u t  o r  r e c o r d i n g  
equ ipmen t .   In t eg ra l   and   au tomat i c   sys t em  ca l ib ra t ion  
should  be  provided.  Minimal  dynamic  range i s  40 dB f o r  
t h e   e n t i r e   s y s t e m ;  60 t o  80 dB i s  d e s i r a b l e .  I n  many 
l o c a t i o n s  i t  i s  n e c e s s a r y  t o  d i s t i n g u i s h  b e t w e e n  a i r c r a f t  
a n d  o t h e r  n o i s e  s o u r c e s  b y  means o t h e r  t h a n  level com- 
pa r i son .   Poss ib l e   app roaches  are t h e  u s e  o f  d i r e c t i o n a l  
mic rophones ,  t he  use  of  c o r r e l a t i o n  t e c h n i q u e s ,  a n d  re- 
m o t e   t r i g g e r i n g .  The f e a s i b i l i t y   o f   t h e s e   t e c h n i q u e s   i n  
t h i s   a p p l i c a t i o n   h a s   n o t   y e t   b e e n   d e m o n s t r a t e d .   H o w e v e r ,  
p re sen t ly  ava i l ab le  t echno logy  shou ld  be  adequa te  fo r  
t h i s   d e t e c t i o n   p r o b l e m .   A l s o ,   t h e   a v a i l a b i l i t y   o f  small 
computing  systems now should make i t  f e a s i b l e ,  t h o u g h  
expens ive ,  t o  compute  CNR v a l u e s  d i r e c t l y  from n o i s e  
mon i to r   i npu t s  . 
4 .  Es t ima t ion   o f   annoyance   u s ing   no i se   exposure  as t h e  s o l e  
p r e d i c t o r  i s  r a t h e r  p o o r .  
U s i n g  t h e  b e s t  e x p o s u r e  v a r i a b l e ,  CNR, comparison of 
pred ic ted  and  measured  annoyance  y ie lded  cor re la t ion  
c o e f f i c i e n t s  o f  0.37 f o r  P h a s e  I da ta  and  0.49 f o r  
Phase I1 d a t a .  
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5 .  The i n c l u s i o n  w i t h  n o i s e  e x p o s u r e  o f  c e r t a i n  a t t i t u d i n a l  
o r  p s y c h o l o g i c a l  v a r i a b l e s  a f f o r d s  good p r e d i c t i o n  o f  i n d i v i d u a l  
annoyance.   Predict ion i s  improved  by  use  of a nonl inear   model .  
The measure of c o r r e l a t i o n  i n c r e a s e s  f r o m  0.37 u s i n g  
CNR a l o n e  t o  0.67 u s i n g  t h e  variables l i s t e d  b e l o w  i n  
a l inear  model  and  0.78 u s i n g  them i n  a non l inea r  (MCA) 
model .   The  seven  most   powerful   social   predictors ,  
s e l ec t ed  f rom a f i e l d  o f  some 200 a n d  l i s t e d  w i t h  CNR 
in  o rde r  o f  impor t ance ,  are: 
1. Fea r   o f  aircraft  c r a s h i n g  i n  the  neighborhood 
2.  S u s c e p t i b i l i t y   t o   n o i s e  
3 .  D i s t a n c e   f r o m   t h e   a i r p o r t  
4 .  N o i s e   a d a p t a b i l i t y  
5.  C i t y   o f   r e s i d e n c e  
6 .  Bel i e f   i n   mi s feasance  by t h o s e  a b l e  t o  do 
someth ing  about  the  noise  problem 
7 .  E x t e n t   t o   w h i c h   t h e   a i r p o r t   a n d  a i r  t r a n s -  
p o r t a t i o n  are seen as impor tan t .  
6 .  An e q u a t i o n  c a n  b e  w r i t t e n  f o r  p r e d i c t i n g  i n d i v i d u a l  
annoyance  with good accuracy .  The equa t ion  was de r ived  from 
Phase I da ta  and  va l ida t ed  us ing  Phase  I1 d a t a .  Annoyance f o r  
complainants  is  no t  accu ra t e ly  e s t ima ted ,  however .  
Use of t h e  e q u a t i o n  f o r  p r e d i c t i v e  p u r p o s e s  r e q u i r e s  a 
s u r v e y  t o  d e t e r m i n e  t h e  d i s t r i b u t i o n  o f  t h e  s u b j e c t  com- 
m u n i t y  o n  t h e  s e v e n  s o c i a l  v a r i a b l e s .  The CNR va lues  
can  be  obta ined  us ing  publ i shed  CNR o r  NEF c o n t o u r s  o r  
by computation from noise level contours  and a i r  t r a f f i c  
schedules .  
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7 .  For  a s i g n i f i c a n t  r e d u c t i o n  i n  a n n o y a n c e ,  a CNR v a l u e  of 
93 or  less is  r e q u i r e d .  Above 107 CNR, annoyance   i nc reases   s t ead -  
i l y  a n d  a b o v e  115 CNR, n o i s e  e x p o s u r e  i s  a s s o c i a t e d  w i t h  i n c r e a s e d  
compla in t .  
8 .  W i t h i n   c e r t a i n  limits, t h e  number o f   h igh ly   annoyed  
h o u s e h o l d s  i n  a community may be  e s t ima ted  f rom the  number of 
compla in t s .  
The r a t i o  o f  h i g h l y  a n n o y e d  t o  c o m p l a i n a n t s  i s  n o t  
c o n s t a n t   b u t   d e c r e a s e s   w i t h   i n c r e a s i n g   c o m p l a i n t .   F o r  
t he  seven  su rvey  c i t i e s ,  t h e  r e l a t i o n s h i p  
h '  = 195.5 + 2 .07  c 
where h '  i s  t h e  p r e d i c t e d  number of  highly annoyed 
households  per  thousand and  c i s  t h e  number of  complain-  
a n t s  p e r  t h o u s a n d ,  p r e d i c t s  t h e  a c t u a l  number w i t h  a 
c o r r e l a t i o n   o f  0.976. T h i s   e q u a t i o n  i s  a p p l i c a b l e   t o  
popu la t ions  similar t o  t h e  random sample  of  th i s  s tudy  
w i t h  18 t o  2 2 4  compla inants  per  thousand households .  
9 .  I n  terms of   annoyance,   people   appear  on t h e   w h o l e   t o  react 
t o  t h e  o u t d o o r  n o i s e  e x p o s u r e  r a t h e r  t h a n  t h e  i n d o o r .  
When t h e  e f f e c t  o f  t h e  h o u s e  a t t e n u a t i o n  f o r  e a c h  
respondent  was i n c l u d e d  t o  c o m p u t e  a n  e f f e c t i v e  " i n d o o r ' l  
e x p o s u r e  m e a s u r e ,  t h e  c o r r e l a t i o n  of  no i se  exposure  and  
annoyance was g r e a t l y  r e d u c e d .  
10. An e q u a t i o n   f o r   p r e d i c t i n g   c o m p l a i n t  among a random sample 
similar t o  t h e  p r e d i c t i v e  e q u a t i o n  f o r  a n n o y a n c e ,  c a n  b e  w r i t t e n ,  
bu t  i t s  accu racy  i s  n o t  good. 
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Using  the  17  b e s t  p r e d i c t o r s ,  t h e  m e a s u r e  o f  c o r r e l a t i o n  
i s  0.52. Whereas the annoyance   pred ic tors  were essen-  
t i a l l y  p h y s i c a l  o r  p s y c h o l o g i c a l  i n  n a t u r e ,  t h e  c o m p l a i n t  
p r e d i c t o r s  i n c l u d e  a number o f  b a s i c  s o c i a l  v a r i a b l e s  
such as age ,  race, o c c u p a t i o n a l  s t a t u s ,  a n d  v i s i t a t i o n .  
The  most  powerful  predictor i s  CNR, the  second,  annoy-  
a n c e  w i t h  a i r c r a f t  smoke,  fumes, o i l  d r o p o u t ,  a n d / o r  
l a n d i n g   l i g h t s .  
11. From t h e  n a t u r e  o f  the p r e d i c t i o n  e q u a t i o n  v a r i a b l e s ,  
t h e r e  i s  a s u b s t a n t i a l  d i f f e r e n c e  b e t w e e n  f a c t o r s  a f f e c t i n g  a n n o y -  
ance  and  those  a f f ec t ing  compla in t .  
12 .  Compla inan t s   do   no t   appea r   t o   be   hype r sens i t i ve   t o   no i se ,  
b u t  r a t h e r  are less s e n s i t i v e  t o  most no ise ,  and  more so t o  n o i s e  
from a i r c r a f t ,  t h a n  a re  o t h e r  i n d i v i d u a l s .  
This  conclus ion  i s  based upon s t u d y  o f  s p e c i a l  a l l -  
complainant samples i n  New York  and Miami. Such persons 
t e n d  t o  i n d i c a t e  less than average concern with common, 
p o t e n t i a l l y  i r r i t a t i n g  s o u n d s  , bu t  express g r e a t e r  
an imos i ty  toward  a i r c ra f t  no i se  and  son ic  boom. 
13 .  On t h e   a v e r a g e ,   c o m p l a i n a n t s ,   i n   c o m p a r i s o n   t o  members of  
t h e  random samples, t e n d  t o  l i v e  n e a r e r  t h e  a i r p o r t ,  h a v e  h i g h e r  
no i se  exposure ,  and  to  be  o lde r ,  more h ighly  educa ted ,  and  more 
a f f l u e n t .  They a l s o   d i s p l a y ' a   h i g h e r   a w a r e n e s s   o f ,   a n d   n e g a t i v e  
a t t i t u d e  a b o u t ,  a i r c r a f t  o p e r a t i o n s .  On t h e  b a s i s  o f  a v e r y  
l i m i t e d  sample, members o f  n o i s e  p r o t e s t  o r g a n i z a t i o n s  t e n d  t o  b e  
similar t o  c o m p l a i n a n t s  i n  s u c h  c h a r a c t e r i s t i c s .  
14. The  seven  survey c i t i e s  (Boston,  Chicago, Dallas, Denver, 
Los Angeles,  M i a m i ,  and New York) show c o n s i s t e n t  p a t t e r n s  f o r  
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mean no i se  exposure  (CNR),  n e g a t i v e  a t t i t u d e s  c o n c e r n i n g  a i rcraf t  
ope ra t ions ,   h igh   annoyance ,   and   pe rcen tage   o f   compla inan t s .  New 
York, Boston, and Los Ange le s  gene ra l ly  ra te  h i g h  i n  t h e s e  varia- 
b l e s ;  a n d  Dallas, Miami, and  Denver,  low. 
The specif ic  r a n k  o r d e r i n g s  f o r  t h e  random samples in 
t h e s e  c i t i e s  ( h i g h e s t   t o   l o w e s t )  are: 
CNR: NYC LAX DAL BOS C H I  M I A  DEN 
A t t i t u d e s :  BOS NYC LAX DAL C H I  M I A  DEN 
Annoyance: NYC LAX BOS C H I  DAL M I A  DEN 
Complaint: NYC BOS LAX C H I  DEN DAL M I A  
15.  The MCA a n a l y s e s  p r o v i d e  t h e  f o l l o w i n g  p r o f i l e s  of a 
person who i s  h i g h l y  a n n o y e d  w i t h  a i r c r a f t  n o i s e  a n d  o n e  who i s  
h igh ly  p rone  to  compla in .  
Highly Annoyed 
H i g h  f e a r  o f  c r a s h  
CNR over 130 
H i g h  n o i s e  s u s c e p t i -  
b i l i t y  
Lives 4-5 miles from 
a i r p o r t  i n  C h i c a g o  
o r  Los Angeles 
High "misfeasance" 
a t t i t u d e  
LOW " importance of  
a i r p o r t ' '  a t t i t u d e  
Complaint-prone 
H i g h  f e a r  o f  c r a s h  
CNR over  120 
High ly  annoyed  by  a i r c ra f t  
smoke,  fumes, e tc .  
Modera te - to-h ighly  d is turbed  
b y  a i r c r a f t  n o i s e  
Lives 7-9 miles from a i r p o r t  
Visits w i t h  o t h e r s ,  d i s c u s s e s  
n o i s e ,  i s  member of  an 
o r g a n i z a t i o n  
Age 40-49 
Household of 4 o r  more persons 
Very  low occupa t iona l  s t a tus  
Midd le  r ange  o f  hous ing  cos t  
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16. A l l e v i a t i o n  o f  a i r c r a f t  n o i s e  a n n o y a n c e  by  "house a t -  
tenuat ion"  programs and  land  zoning  cont ro ls  does  not  a p p e a r  t o  
b e  f e a s i b l e  e x c e p t  p o s s i b l y  i n  s p e c i a l  cases. 
Annoyance c o r r e l a t e s  much b e t t e r  w i t h  o u t d o o r  n o i s e .  
exposure   than   indoor .  It i s  suspec ted  . that  b e s t  
r e s u l t s  f rom improved at tenuat ion would.  be.  obtained 
when t h e  i n d i v i d u a l  i n v o l v e d  i s  h igh ly  cond i t ioned .  
t o  i n d o o r  l i fe  and when the  cos t  o f  t he  improvemen t s  
i s  b o r n e  b y  o t h e r s .  I n  o r d e r  t o  e x c l u d e  t h e  areas 
most h ighly  annoyed and  rnos t .prone  to  compla in t ,  
no rma l  r e s iden t i a l  l and  usage  would have t o  b e  p r o -  
s c r i b e d  w i t h i n  5 t o  9 miles from t h e  a i r p o r t  i n  f l i g h t  
s e c t o r s .   W i t h i n   t h e s e   d i s t a n c e s ,   s e l e c t e d   i n d u s t r i a l  
and  commercial a c t iv i t i e s  might: t a k e  place, but  resi- 
d e n t i a l  u s a g e  s h o u l d  b e  c o n f i n e d  t o  d w e l l i n g s  a n d  
f a c i l i t i e s  s p e c i a l l y  a d a p t e d  t o  t h e  n o i s e  e n v i r o n m e n t ,  
p r e f e r a b l y  o f  t h e  r e n t a l  t y p e .  
1 7 .  A s e q u e n t i a l  m o d e l  f o r  s t a g e s  i n  r e s p o n s e  t o  a i r c r a f t  
noise  which i s  s u p p o r t e d  b y  t h e  d a t a  o f  t h i s  s t u d y  i s  ordered  as 
f 0 1 lows : 
a .  H e a r i n g   a i r c r a f t  
b . D i s t u r b a n c e  o f  a c t i v i t i e s  
c .  Annoyance 
d .   N e g a t i v e   a t t i t u d e s  
This s e q u e n c e  d i f f e r s  from t h a t  i n f e r r e d  from s o n i c  boom response  
d a t a ;  t h e  la t ter  h a s  t h e  o r d e r  a . / d . / b . / c .  
18. The scale,  Annoyance G ,  u s e d   i n   t h i s   s t u d y ,   b a s e d  upon 
d i s t u r b a n c e  of act ivi t ies  by a i r c r a f t  n o i s e ,  i s  similar t o  scales 
used  in  an  A i r  Force s tudy conducted 12 years  ago i n  t h i s  c o u n t r y ,  
85 
I 
and i n  a B r i t i s h  s t u d y  p e r f o r m e d  8 years  ago around Heathrow 
(London) A i r p o r t ,  a l t h o u g h  t h e . l a t t e r  shows  minor d i f f e r e n c e s .  
The scaies o f  d i s t u r b a n c e  are Guttman scales, w i t h  t h e  
p r o p e r t y  t h a t  d i s t u r b a n c e  o f  a p a r t i c u l a r  a c t i v i t y  i m -  
p l i e s  d i s t u r b a n c e  o f  a l l  o t h e r  ac t iv i t i e s  ranked lower 
on t h e  scale. I n   t h e   p r e s e n t   s t u d y   t h e   o r d e r  i s :  e a t i n g ,  
s l e e p i n g ,  r e a d i n g  o r  c o n c e n t r a t i n g ,  l i s t e n i n g  t o  r e c o r d s  
o r  tapes,  t e l e p h o n i n g ,  r e l a x i n g  o u t s i d e ,  r e l a x i n g  i n s i d e ,  
f a c e   t o   f a c e   c o n v e r s a t i o n ,  TV o r   r a d i o   r e c e p t i o n .   F o r  
comparable ac t iv i t i e s  t h e  o r d e r  i n  t h e  A i r  F o r c e  s t u d y  
w a s  s u b s t a n t i a l l y  t h e  same. Ir! t h e  B r i t i s h  s t u d y ,  sleep- 
i n g  w a s  lower on the scale and  TVl rad io  r ecep t ion ,  h ighe r .  
These  d i f fe rences  presumably  are of c u l t u r a l  o r i g i n .  
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